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DECORTICATION IN CHRONIC EMPYEMA OF TUBERCULOUS ORIGIN 

Fraser B. Quito, M.D., C.M. 

Montreal, Que. 

D URING the years 1919 to 1925, approximately seventy patientB with chronic 
empyema were admitted to my service at Ste. Anne’s Military Hospital. 
This comparatively large number of patients wero soldiers and snilors of the 
Canadian sendees. They had developed chronic cmpyoma in consequence of 
infected pleural cavities as the result of both gunshot wounds and ns a sequel 
of the pandemic of influenza. In June, 1921, the results of treatment in the 
first group of tweuty-fivo pntionts wero reported. 1 Since the results in the 
tvholc group of seventy patients were in every way comparable to tlioso reported, 
a short analysis of the smaller group is included here. 

Of the twenty-five referred to above, in twelve the condition followed gun¬ 
shot wounds, in twelve it was the result of empyema, and in one it was tuber¬ 
culous in origin. In ton cases of smaller cavities, cure followed improved drain- 
ago or removal of foreign bodies. Ono patient left the hospital improved but 
not healed. In this group referred to as smaller cavities, tho average duration 
of disease was thirteen months, the longest twenty-four months, the shortest 
six months. 

In the group of large cavities, in six of which there was exhibited either 
complete or almost complete collapse of the lung, decortication was carried out 
in ten. In two of these immediate expansion of tho lung failed to take place. 
In ono of these two, the chest wall was collapsed with ultimate cure. In the 
other, a soldior whoso condition was in extremis upon admission and who suf¬ 
fered from nepliritis, a limited decortication was attempted. No expansion of 
the lung occurred and no further operative interference was attempted. This 
was the only death in the series. In this latter group of fourteen patients, the 
length of timo during which the disease had lasted pilot- to admission to Ste. 
Anne's Military Hospital was from eight to fifty-fourmontlis. 

From the Montreal General Hoapltnl, tho Royal Edwnrd-LaurcntLan Hospital, and the 
Grace Dart Home Hospital, JIcGlll Univoralty, Montreal. 

Read at tho Twenty-Sixth Annunl Meeting of The American Awoeiatlon for Thoracic 
SuTrcry, Detroit Mich,, May 20, SO, and 31, 1946. 
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At the meeting of the Association in Boston, in 1921, a paper entitled 
“Scoliosis accompanying Chronic Infected Open Pneumothorax” -was read. 2 

Reference is made to this ai*ticle at this time because the history and ac¬ 
companying pictures illustrated the extreme deformity •which may occur in a 
young person as the result of long-standing empyema. 

During the years immediately following the last war, a number of con¬ 
tributions upon the subject of chronic empyema were published on this con¬ 
tinent, notably those of Keller, Hedblom, and Eggers. In all three of these 
articles, reference was made to decortication and, in the main, the results re¬ 
ported from the performance of this procedure were satisfactory, although not 
enthusiastic. 

Although very little reference to chronic empyema has been made before 
this Association, or, for that matter, elsewhere, over a period of many years, 
in 1941 the subject of chronic nontuberculous empyema was presented by 
Singleton and Moore 8 and was followed by a very general discussion in which 
Bigger, Eggers, Carr, and others, including that great gentleman, Howard 
Lilienthal, took part. The general tenor of this contribution and of the dis¬ 
cussion was to support decortication of the lung in the treatment of certain 
carefully selected cases of chronic empyema. The fact that the procedure pre¬ 
serves pulmonary function and avoids marked deformity, as compared with 
chest wall collapse, was stressed by all speakers. Of special interest in so far 
as my contribution today is concerned is the fact that, among the contra-indica¬ 
tions to decortication, tuberculosis was referred to by all speakers as perhaps 
the most important. 

It is fully realized by the author that the study of three cases in Avhich 
operation for chronic empyema complicating pulmonary tuberculosis has been 
performed is not proof that the procedure which is being suggested has any 
wide applicability, nevertheless, in view of the relative frequency of the disease, 
in view of the unsatisfactory results obtained by other methods, including extra¬ 
pleural thoracoplasty and operations of the Schede type, and in view of the 
crippling deformity which follows in those who survive extensive operations for 
collapse of the chest wall, I believe that the matter of decortication deserves 
consideration. I make, therefore, no apology for basing a discussion on such a 
small number of cases. 

In consequence of early experience in decortication for chronic empyema, 

I have continued in the intervening years to perform this operation on a moder¬ 
ately large number of patients every year. Since the results have been, in the 
main, satisfactory and unfavorable complications or sequelae are substantially 
absent, I undertook an experiment two years ago of performing decortication 
of the lung in a patient with chronic empyema due to tuberculosis. Since that 
time, two other patients with chronic empyema which complicated artificial 
pneumothorax in the treatment of pulmonary tuberculosis have been operated 
upon. 

Prior to 1940, in our clinics at both the Grace Dart Home Hospital and 
the Royal Edward-Laurentian Hospital, the incidence of empyema complicating 
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pneumothorax had been distressingly high. 4 Fortunately, since that date, in 
consequence of better realization on the part of physicians in our community 
of the risk of an inadequate pneumothorax, the number of patients ■with tliis 
serious complication has very materially diminished. Wc have had a large 
number of these patients under our care in the past, howcvor, and have been 
impressed by the unsatisfactory effect of extensive thoracoplasty of cither the 
extrapleural or Schede types. 

During the summer of 1944, a child 9 years of age, R. McM., was admitted 
lo the Royal Edward-Laurcntian Hospital, Montreal Division, having suffered 
from a mixed tuberculous empyema for over twelve months, for wliick thora¬ 
cotomy had been performed. Since it was realized that serious deformity was 
almost inevitable in a child of this age whether the disease could be arrested 
by more adequate drainngc alone or by extensive thoracoplasty, it was decided 
to attempt decortication. This decision was arrived at despite the overwhelming 
consensus of opinion that tuberculosis constituted a definite contraindication to 
tho procedure, and despite the fact that no ono in our group bad had any 
experience in the performance of the operation for tuberculous disease. 

R. McM. wu first wen in July 1041, at the age of 0. He belonged to a family many 
of whom were suffering from pulmonary tuberculosis. Although Mantonx reaction was posi¬ 
tive, no definite evidence of pulmonary dlseaso was noted until August, 1043. On this latter 
date he was admitted to the Royal Edward-Laurentian Hospital suffering from a total left- 
sided empyema with displacement of the mediastinum and mixed culture of Type VI pneu¬ 
mococci, and Staphylococcus pyogenes was isolated. Bib resection for drainage was enrriod 
out with improvement in the child's condition, which had been very grave. 

The child's condition unproved as the result of drainage, but two months later a 
heavy growth of tubercle bacilli was obtained. In the interval, he had been transferred to 
the Children's Momorlol Hospital. In January, 1044, he was re-admitted to the Eoyal 
Edward-Laurentian Hospital and a preliminary extensive thoracotomy was carried out. The 
wound was left wide open and packed with liquid paraffin 1 ‘hipped" game. As the result 
of this more adequate drainage, a substantial improvement in his condition occurred. The 
thoracotomy incision was further enlarged so that the wholo base of the cavity was clearly 
exposed, and in August, 1044, that is to say, twolvo months after tho onset of tho empyema, 
decortication was carried out. 

At operation it was notod that the parietal pleura had thickened to about 1.5 cm. and 
the ribs were overlying one nnother. The membrane overlying the lung, pericardium, and 
diaphragm varied in thickness from 2,5 to 3 mm. nnd showod in the gross many tubercles. 
Decortication was carried out without unusual difficulty, although, as has been my experience 
in most cases of chronic empyema, small areas of damage to tho long surfaco were Inflicted. 
Air bubbles appeared at different spots. Hemorrhage was insignificant and was easily 
controlled by packing. After the long surface forming the bases of the cavity had been 
freed from dense, fibrous, tissue membrane, it was dissected free from the mediastinum 
anteriorly and from the vertebral gutter posteriorly. It was also carefully separated from 
the medial portion of the diaphragm. In tills way no great difficulty was experienced in 
separating the small mass of lung tissue up to the hilar region. 

An attempt was made to expand the long by means of increased pressure through tho 
intratracheal tube through which cyclopropane had been administered. This procedure, 
although it caused slight expansion of the lung, was not effective; the child was, therefore, 
allowed partially to regain consciousness and coughing wns induced. As soon as he coughed 
the lung ballooned out and became pale pinkish and downy. As coughing continued, hernia¬ 
tion of the lung through the large thoracotomy wound occurred. 
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Two thicknesses of soft gauze which had been soaked in liquid paraffin to which n 
small amount of “bipp” had been added were carefully laid over the surface of the ex¬ 
panded lung so that “curtain drainage” was established between the lung surface, which as 
has been previously pointed oat, was damaged over many small areas, and the interio/ of 

the thoracic cage. This curtain of gauze was brought out through the lower part of the 

wound, which was elsewhere closed with through-and-through silkworm gut sutures. 

Despite the fact that the child s general condition was very grave, he recovered promptly 
from operation and on Oct. 16, 11)44, he was discharged, general condition much improved, 
sputum negative, and wound healed except over the lower part where an ulcer about 4 cm. 
in diameter remained. Two months later he was readmitted to hospital and tho somewhat 
saucer-shaped, granulating, tuberculous surface over the lower part of tho wound was excised. 
The skin edges were undercut and the wound partially closed by suture. He was again 
returned home and again readmitted for the excision of a small remaining tuberculous ulcer. 
Complete healing of the chest wall was the result, and he was discharged to the Julius 
Richardson Convalescent Hospital (for children) for the summer. During his stay in the 
country he improved enormously and in October he returned to school. 

He was re-examined April 20, 1 94(5. The chest wall is soundly healed and he lias 

again commenced, to grow. Examination of the chest shows that aeration of the left lung 
is being accomplished. The accompanying illustrations of x-ray examinations (Fig. 1) in- 
(icate, I believe, the progress of tins little fellow's state over a three-year period. I believe 
t iat it is reasonable to argue that he 1ms been salvaged not only in so far as life is con- 
cerne , hut that it will he possible for him to grow up as a reasonably useful citizen. 

R. McM. was, therefore, the first ease in which decortication of the lung 
ot c iionic tuberculous empyema was carried out. The indications for attempt- 
mg tie piocedure we considered sufficient, and happily the result to date seems 
° uk icate that decortication for tuberculosis is possible, and that it may be 
sa is actory in so far as, (1) arrest of disease, (2) avoidance of crippling de- 
oimity, and (3) at least partial return of pulmonary function, is concerned. 

-I mon ths after R. McM. lmd been operated upon, a young woman, 

u io la eveloped a complete right-sided empyema during the course of treat- 
men ot extensive apical disease by artificial pneumothorax, was brought before 
ontcrence at the Royal Edward-Laurentinn Hospital. Since no bacilli were 
present m the sputum, she was transferred to the Montreal General Hospital and 
decortication was canned out. Her ease history follows. 

T f M- ’ 24 years oW ' admitted in December, 1941, to the Royal Edward-Lauventian 

" moderately advanced right-sided apical tuberculosis with captation. In January, 

, ‘ omon'orax was commenced, and in Auril 1942, a pneumonolysis (endoscopic) was 

found ^ 18 lC TllC patient ’ s cough and sputum censed and tubercle bacilli could not he 

when lhp Um< ^ ll0 ^ lS ' VaS mnint ained and she was an ambulant patient until December, 1944, 
to another U ) ^ ” SUcklen 0nset of pain in. the right chest and fever. She was admitted 
showed a e H SPltUl , UDdcr aspiration, thick, purulent- material was discovered which 
In A U * Ure ° ^ Q ^ l ^ ococclls aureus. 

was nmnin 1 '"’’ S,l ° WtlS ngain admitted to the Royal Edward-Laurentinn Hospital. She 
cougli and ^ " SCptlC ^ pe °f temperature and looked extremely ill. She did not suffer from 
and penicillin^'' D ° 8|mtum - Repeated aspirations of the cavity were carried out 

fluid, as shown")) 8 ln ^ roduced " ®y May 30 there were no microorganisms iu the aspirated 
On June 1 " Smear " ^ ever subsided and her general condition improved. 

Aspiration and S ^ e was transferred to my service at the Montreal General Hospital. 

194<5, an inter were continued. Transfusions were administered, and on July 3, 

co a catheter was introduced and underwater negative pressure drainage 
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flhow procros* In the cn*o of R. Moll. 
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established. Daily instillations of 100,000 units of penicillin were continued. This form of 
negative pressure draining resulted in but slight change in the size of the cavity. 

On August 1, and again on August 7, thoracotomy was carried out. The sixth, seventh, 
eighth, and ninth ribs, together with the underlying parietal pleura and intercostal bundles, 
were removed in order that a sufficiently large opening in the chest wall might be made so 
that decortication might be attempted. 

On Aug. 3T, 1945, decortication of the right lung was carried out. The parietal pleura, 
as previously noted, and as indicated in the x-rays, was found to be nearly 2 cm. in thickness. 
The cavity was dry. The removal of the cortical membrane, which was slightly less than 
3 mm. in thickness, was accomplished without any considerable difficulty and with but slight 
damage to the lung surface. The adhesions between the collapsed lung and the mediastinum 
were divided without any great difficulty. The mediastinum had been displaced to such an 
extent that the prominences of the vertebral bodies were in the left half of the chest. In 
other words, the dead space occupied somewhat more than a complete hemithorax. 

Operation was carried out under intratracheal cyclopropane anesthesia and, although an 
effort was made to inflate the lung by ihereasing the pressure from within, this proved to be 
of little value; the patient was, therefore, permitted to come out of the anesthetic so that 
she might cough. Immediately the lung became downy throughout and completely filled the 
chest. 

It should be noted that over the uppermost part of the cavity no attempt was made 
to remove the membrane, since this had recently been the site of an active tuberculous proc¬ 
ess; the area left undisturbed, however, was small. A self-retaining catheter was inserted 
and negative pressure drainage carried out for two weeks. The wound healed per primam, 
and the young woman’s general condition improved rapidly. She was discharged from the 
hospital November 16 and was last re-examined April 26, at which time she reported that 
she had recently been fitted for her wedding gown. 

On Oct. 10, 1945, there was admitted to my service at the Montreal General Hospital, 
J. Me., 36 years of age. His history indicated that he had suffered from pulmonary tuber¬ 
culosis since April, 1938. Pneumothorax had been induced and continued until November, 
1944, although fixation of the apex had been present throughout this period. In March, 1945, 
empyema developed which completely filled the left chest and displaced the mediastinum. 
Intercostal drainage had been instituted in June, 1945. 

At the time of admission there was no evidence of parenchymatous disease. He did 
not suffer from cough nor expectoration. There were no tubercle bacilli in either- sputum 
or gastric content. Exudation from the chest cavity showed a mixed infection but no 
tubercle bacilli. 

It was decided to attempt decortication of at least the lower lobe. In order that the 
disease in the upper lobe might not be reactivated if possible, a typical upper-stage extra¬ 
pleural thoracoplasty was carried out October 18, the upper three ribs being removed in 
toto, together with the transverse processes of the third and second thoracic vertebrae. 
This procedure was carried out under spinal anesthesia. 

On November 12, a first-stage thoracotomy was carried out under cyclopropane anes¬ 
thesia, portions of the ninth and eighth ribs being removed. Three weeks later second-stage 
thoracotomy was done, and portions of the seventh and sixth ribs were resected, together 
with parietal pleura and intercostal bundles. Hollowing both these procedures the wound 
in the chest wall was left open and filled with gauze, in the first instance impregnated with 
sulfathiazol emulsion, and, in the second, with liquid paraffin and bismuth-iodoform-paraffin 
paste. 

On Jan. 4, 1946, decortication was carried out under cyclopropane anesthesia (intra¬ 
tracheal). Although the expansion of the lung was less marked than was hoped for, it 
seemed as though obliteration of the pleural space would be obtained. An intercostal 
catheter was introduced for negative pressure drainage; this, however, was removed too soon, 
and a purulent exudate reaccumulated, with the result that collapse of the lung reoccurred. 

Since March 19, three further collapsing procedures upon the chest wall have been car¬ 
ried out with obliteration of the cavity and apparent cure. These procedures have been 
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of the Schede type and have been characterized by the removal of the lower two-tliirds of 
the scapula. The patient's general condition has remained excellent and at no time has there 
been any anxiety regarding his state. 

This case is included in this report since although the result of decortica¬ 
tion was disappointing, the procedure has been carried out without any con¬ 
siderable difficulty and the patient suffered no damage as a result of operation. 
Failure to obliterate the cavity by the reexpanded lung was due, I believe, to 
the fact that the chest wall was allowed to close prematurely and fluid (pus) 
to reaeeumulate. In any event, the cavity was reduced to approximately one- 
half its previous size, so that radical thoracoplasty was more effective. 



FIs. 3.—Photograph o£ H. M. nine months after decortication. 


TECHNIQUE 

Since the author has had an unusual experience in the operation of decortication over 
a period of many years, it seems justifiable to indicate the technique found to be, on the 
one hand, safe, and, on the other hand, relatively satisfactory. It is unnecessary to suggest 
that in view of the fnct that many of these cases are exhausted by prolonged suppuration 
and so illustrate the phenomena associated with anemia and hyproproteinemia, adequate 
efforts should be made to overcome this state. The procedures available for this purpose 
will not be referred to in this contribution. 

In view of the fact that one of the common causes of chronic empyema is inadequate 
drainage, this should obviously lie provided for. The exhibition of bacteriostatic drugs is, of 
course, indicated. 

Since, in all cases of chronic-empyema, including those due to tuberculosis, the parietal 
pleura is thickened so that the natural elasticity of the chest wall is lost, and since the 
contractile processes in the thickened pleura result in close approximation of even over¬ 
lapping of the ribs, the usual method of thoracotomy by means of rib spreaders is not ap¬ 
plicable. In order that removal of the dense, fibrous membrane from the surface of the 
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lung - may bo carried out wifliotit hazard, it Is ncccssury that a sufficiently large window in 
the el lest wall be established. SIneo but few of those cases arc good snrgical risks, it is 
advisable to make the opening into the client in stages, two or three ns the case may lx*. An 
ndeqaatc window having been thus prodnred, the patient is prqmrcd for operation, and 
blood In adequate umonnts is made nvnilnlilo. 

Tho choice of anesthetic will dejiend in part upon tho custom of both the operator 
and the anesthetist. Since tho surface of tho cheat will is heavily Infected, we have been 
loath to employ spinal anesthesia; wo have, therefore, used either intratracheal cyclopropane 
or nitrous oxide-oxygon with or without other, or local nneathesin. The main reason, perhaps, 
for tho employment of intratracheal anesthesia in in order that adequate clearance of the 
bronchial mechanisms may bo established, since there is always tho risk that blood may 
enter the lung from tho cut surfaco, although this complication has not been obseivcd. 

In tho chronic case which 1ms lasted for six to twelve months or longer, it may be 
expected that tho parietal pleura will have become thickened to 1.5 cm. or name. On the 
othor hand, the fibrous tissuo mombmno covering tho lung in these cases is never more 
than 3 mm. in thickness; consequently, great caie must be exercisexl In the original incision 
of the membrane. 

I have rnnde it a practice to Lnciso longitudinally, that is to say from top to lmttoni 
of the exposed surface, U9lng practically no pressure other than that of the wolght of the 
scnlpoL Depending upon tho width of the surface which requires decortication, tiro, three, 
or oven four longitudinal incisions of this sort nre made. Again depending upon tho length 
of tho exposed surface, similar incisions are carried across, cutting the original incision at 
right angles. 

Such a mothod of preliminary incision of the membrane presents tho operator with a 
number of right-angled points. These are checked over so tlmt the nnglo nt which tho 
parietal ploum is most clearly identified can bo used as a gnhlo in determining the exact 
thickness of the membmno. 

By means of blunt dissection, with, from timo to time, tho employment of a scalpel, 
it is usually not very difficult to roniovo the mcnibrnno in patches such ns have been marked 
ont. In my experience, it is almost impossible to dccortlcnto in thin way the whole exposed 
Jang surface without damaging tho lung Jtsolf nt various points. Babbles of air, therefore, 
are likely to appear and, from timo to time, slight bleeding. The bleeding which occurs in 
very rarely in the slightest degree alarming and con be confidently expected to cense with 
hot saline gnuzo packing for a few minutes. It would seem to bo truo tlmt such super¬ 
ficial damage to lung tissue heals rapidly. 

Once the dense, fibrous, tiesue membmno has boon removed from the eurfneo of tho 
lung to the edgo of the superficial portion of tho latter, it is then necessary to enntinuo the 
dissection between the lung and tho pariotal surface. This separation is comparable to tlmt 
of dissecting freo the long in performing lobectomy for bronchiectasis, and is consequently 
carried out by means of scissor dissection, both ldnnt and sharp. This dissection should be 
carried as closo to tho hilar region ns posslblo if ndequnto expansion of tho lung is to bo 
obtained. 

Although it is truo that interstitial fibrosis of the pnlmomuy tissues nmv occasionally 
occur, so that expansion of tho lung will not toko place, this must, I believe, lie unnsnnl. 

In tho case of chronic empyema consequent upon tuberculosis of the upper part of tho 
upper lobe, it would seem to be a matter of wisdom to avoid extending the decortication 
into the area in which massive tulwrclo formation Is to be expected. It is suggested, there¬ 
fore, that in such eases collapse of tho apical portion of tho chest be obtained by means of 
a classical extrapleural thoracoplasty. 

If the operation 1ms been carried out under local anesthesia, it is a simple mntter to 
Induco the patient to cough; if, however, an inhalation anesthetic has lioen employer!, it is 
necessary and wise to permit the patient to regain consciousness. 'Almost invariably the 
long will be seen to expand under the increased pressure of coughing, and, sinco tho neces¬ 
sary rib resection which 1ms preceded tho operation of decortication and the contraction of 
tho chest in consequence of the fibrotborax has diminished the capacity of the diseased half 
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of the thorax, as a rule the lung will not only fill the chest cavity hut attempt to herniate 
through the opening. 

It is essential, I believe, that the wound of the interior of the chest be absolutely free 
from oozing before the completion of the operation. Barely are ligatures required for this 
purpose, since packing with hot saline gauze can be expected to arrest practically all bleeding. 

Before closing the chest we have made it a practice to provide for “curtain drain¬ 
age” over the whole surface of the lung, wliieh, as indicated, is almost certainly the site 
of superficial damage at varying points. Bor this purpose, two or three thicknesses of soft 
dressing gauze is soaked in liquid paraffin to which a small amount of “bipp” has been 
added, or sulfntliiazol emulsion prepared according to our formula 5 is generously applied 
to the surface of the gauze. This apronlike covering of gauze is brought out through the 
lower comer of the wound, which is otherwise closed by means of through-and-through silk¬ 
worm gut sutures. 

The gauze is removed at the end of the sixth or eighth day. Every attempt is made 
to induce the patient to cough vigorously at short intervals throughout the day. The patient 
is, moreover, urged to get out of bed as soon as possible and to exercise to the utmost. 

Following the removal of the gauze, the wound is permitted to heal and the chest 
is very carefully watched so as to be certain that fluid does not reaccumulate in any con¬ 
siderable quantity. In the third of the three cases which constitute the basis for this con¬ 
tribution, relative failure is believed to be due to oversight in this connection. 

There has recently been published in Paris, by Masson et Cie., a six-volume 
treatise on surgical technique, of which the third volume deals with surgery of 
the thorax. This volume has been written by Dr. Marc Iselin, who is personally 
known to many members of this Association, and who read before the Association 
at the 'Washington meeting in 1934 a paper on pulmonary abscess prepared by 
Professor Sergent and himself. This volume of Iselin’s constitutes the most 
up-to-date publication on thoracic surgery, and, since Iselin is familiar with 
the literature published in English as well as French, it constitutes a valuable 
contribution. 

The following is the author’s translation of a section devoted by Iselin 
to the subject of decortication. “Pulmonary decortication, also known as the 
operation of Delorme, has as its aim the removal of the covering which holds 
the lung over the whole of its surface. Once it has been carried out, according 
to the expression used by its author, it permits the lung to herniate comme un 
ballon brusquemont gonfle. 

“Having satisfactorily exposed the visceral covering at the bottom of the 
pleural cavity, well spread by an automatic rib spreader, the middle of this 
surface is incised; cutting very carefully millimeter by millimeter with the 
scalpel, which cuts more regularly than the cutting current. After having 
traversed the waxlike covering of the thickened pleura, the lung appears easily 
recognized; it then becomes necessary to find the line of cleavage which never 
appears to be absent between the lung and the visceral covering, using a 
spatula or a soft instrument. If this line of cleavage is well established, the 
decortication is easy and not complicated by bleeding. Each of the four leaves 
decided upon is raised with the help of traction (quadrants) and with a spatula 
blunt dissector one uncovers in the depths; the lung is then seen to expand. 
If the operation is canned out under favorable conditions, it is possible thus 
to go to the angles and to liberate them around the periphery. It is clear that 
this is the type of case in which the gonflement brusque described by Delorme 
is obtained. 
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“Unfortunately, this technique in many cases seems to be -very theoretical. 
It is probable that usually it is not possible to find the cleavage line, because in 
the descriptions, and in tho figures published, the authors recommend not to 
uncover too much, to tamponade the damaged surface of the lung when it 
bleeds, and to know wlion, in the individual case, not to carry on. Without 
question, for these reasons Duverger has also recommended not to attempt to 
raise the thickened pleura but to be content to incise on herse by a series of 
scarifications, going just to the lung, in a manner in which the quarters deter¬ 
mined meet with one another and permit the expansile tendency of the lung 
to show itself. 

“I must state that all this seems very illusive to mo; I once saw a pleural 
decortication a la Delorme by a foreign surgeon who bad always been an ardent 
defender of the procedure; but despite great care, and despito attention to the 
minutiae of his operation, after a few minutes he bad made a large opening 
in the diaphragm (an opening which was, nevertheless, immediately sutured) 
and later carrying out the decortication, he opened the pericardium; at this time 
he stopped the operation, which up to this moment had not seemed to'me very 
valuable.” 

“I have examined a certain number of pleural fistulas after extensive 
thoracotomy but I have never felt the least temptation to carry on and inciso 
the visceral pleura in order to commence a decortication. Also, I have not been 
able to know the limits of tho lung or where tho diaphragm or the mediastinal 
structures commence. Finally, there is the last argument against decortica¬ 
tions : in peacetime surgory one should not forgot that one of the great causes 
of pleural fistulas, even after empyema of an apparently harmless variety, is 
underlying tuberculosis; there is the risk, therefore, of docorticating a tuber¬ 
culous focus, with all the dangers that this represents.” 

This ends Iselin’s comment regarding decortication in chronic cases. It is 
evident, as he himself states, that he has had no experience in performing tho 
operation. I do not wish to suggest that the operation is always easy, that 
tho results are perfect, or that there is no risk of damage to the victim, on the 
other hand, I believe that opinions such as those expressed by Iselin and others 
have interfered with an extended use of tho procedure and that, in consequence, 
its proper evaluation has been deferred. 
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DISCUSSION 

DR DANIEL A. MULVIHILL, New York, N. Y.—The recently aroused interest in 
the old operation of long decortication, brought about by the wartime experience with 
fibrosing hemothorax, has naturally turned the thoughts of many of us to its possible 
applicability in the much wider field of pulmonary tuberculosis. 

Dr. Gard's cases today have shown us that it is not only desirable but feasible in 
certain types of cobcs to get a re-expansion of the long In tuberculosis. 
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The case that I am to present illustrates the application of decortication to another 
tuberculosis problem, that of the nonexpanding lung following long-stnnding pneumothorax, 
•when a new cavitary lesion on the opposite side demands surgical collapse therapy. 

(Slide.) This x-ray represents the problem presented by a 28-year-old married white 
woman on her readmission to Triboro Hospital in September, 1945, with cavitation in the 
right upper lobe. Her original onset of symptoms dated from April, 1944, followed by 
hospital admission in June, 1944, pregnant and with, a large, thin-walled cavity in the left 
upper lobe. 

Pneumothorax was induced early in July, 1944, and was satisfactory- as regards sputum 
conversion, but there were some adhesions, part of which were divided by pneumonolysis in 
September, 1944. Normal delivery took place in October, 1944. In February, 1945, a second 
pneumonolysis resulted in a complete collapse of the upper lobe, and the patient was dis¬ 
charged from the hospital in April, 1945, continuing pneumothorax refills as an out-patient. 

Following readmission in September, 1945, because of the cavity in the right upper 
lung, refills on the left side were stopped, and attempts were made to induce pneumothorax 
on the right. These were unsuccessful'. 

In. a period of six mouths of bod rest the left lung failed to expand and presented 
the picture shown here when the patient was brought before the surgical conference (during 
the latter part of March, 1940) for thoracoplasty for the right upper lobe lesion. 

The patient was dyspneic on very slight exertion. Her vital capacity was 1,400 c.e., 
and bronchospirometric studies showed that the left side was providing only 15 per cent of 
the total functional capacity. Obviously, she was not a suitable risk for the amount of rib 
resection necessary to collapse the cavity in the right upper lobe. 

Decision was made to attempt decortication and re-expansion of the left lung. A 
preliminary thoracoscopy was done and the pneumothorax space was seen to be lined with 
a pearly white, fibrous envelope. No lung or thoracic landmarks could be distinguished. 
Thoracotomy was then performed with resection of the posterior portion of the fifth rib, 
and the pneumothorax space was entered through its periosteal bed. The space was dry, 
but the pearly surface was slightly moist and firm, grossly not unlike that found in fibrosing 
hemothorax. Incision was made through this fibrous membrane, which was about one-eighth 
inch in thickness, down to the visceral pleura. A line of cleavage was found between the 
intact and normal appearing visceral pleura and the inner surface of the fibrous plaque. 
This line of cleavage was composed of loose, areolar, slightly vascular adhesions, which could 
be easily separated with gauze dissection or the finger. Near the apex, an area about two 
inches in diameter was encountered where the plaque became intimately adherent to the 
underlying lung. Slight discoloration and a pebbly appearance of the surface in this area 
indicated that there was tuberculous pathology immediately beneath, which would probably 
be entered if dissection were attempted. Separation of the plaque from the lung was 
carried out all around this area as far as the adhesions were loose and easily separated. 
Then the plaque was cut around it, and this fibrosed area was left in plnce on the surface 
of the upper lobe. The fibrous plaque was then divided nil around the periphery at the 
angle of its reflection onto the parietal pleura. It was not deemed necessary to remove the 
parietal element. The lung was then entirely freed from the mediastinum and the diaphragm, 
and the fissure was separated. The lung was expanded by intratracheal positive pressure and 
it filled the entire chest cavity. No. 40 French right-angled drainage tubes were then placed 
through the third anterior and seventh posterior interspaces, and connected with watersenl 
bottles. Thoracotomy wound was closed in layers with black silk sutures. The lung fully 
expanded and tubes were removed in forty-eight hours. 

Her postoperative course was uneventful. 

(Slide.) Tins tomograph was taken the day before operation, showing the extent of 
expansion of the left lung that could be obtained after six months of bed rest. 

(Slide.) This is the fibrous plaque removed at operation. This surface is the surface 
facing the pneumothorax cavity. 
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(Slide.) This Is the surface that adhered to tho lung, showing the loose layers in 
which the dissection can bo carried out. The notch on this side indicates where the plaque 
was so adherent to tho lung that it was cut around and loft in place. 

(Slide.) This shows the microscopic appearanco showing the fibrous nature of the 
plaque. You will note that there is no evidenco of infection and that there are no tubercles 
visualised. That was true in many other slides made from this material. 

(Slide.) This x-ray shown tho re-cxpnnslon obtained post operatively. As I said, the 
patient's postoperative course was uneventful. The operation was performed nbout six 
weeks ago. She is now able to walk and exorcise without dyspnea, her vital capacity has 
increased from 3,400 c.c. to 1,000 c.c. and wo now foci we can go ahead with thoracoplasty 
on tho right aide. 

I would like to emphasise that the limitations of tins operation, whether it is dono 
for tuberculosis or any other Jenson, probably depend on whether the pathology ia in the 
visecrnl pleura itself, or, as in this case, is n fibroflc Fhect suiiorimposed on nn essentially 
normal and Intnct visecrnl pleura. 

DR. E, J. O'BRIEN, Detroit, Mich.-—Two montlis ago Dr. Ourd and I were in Boston, 
and I was very enthusiastic nlmut the work of the young men who were just returning with 
news of what I thought was one of tho best contributions tlmt lmd come from the war, 
decortication. Many yonrs ago, thoso of us interested in thoraeJc surgery who tried it quito 
extensively on old chronic empyonms bnd mostly given it up. Dr. Gurd sold that he had 
l>ecn doing it all these years and lmd always obtained very good results. Therefore, I asked 
him to show us tlio results which ho had obtained; lie has limited his pnpor to tuberculous 
ompyeniQ, so I have not been convinced. 

With the new and recent stimulus, wc lmve tried again quite extensively to see what 
its limitations weie. The procedure 1ms l>ecn quito effectual in most of the early tuberculous 
and other empyemas. It is a great help in upper lobe rarities that have been held down 
with pneumothorax for a long time when wo wish to discontinue tho pneumothorax. One 
can frequently dceorticnto and re-expand the lower lobe and lmvc the upper one stay down. 
This is especially desired if there lias been nn extenslvo disease in the upper lobe. Decortica¬ 
tion of lungs to re-expum! them when extensive tuberculous disease has been present is a 
hazardous procedure. We have again tried it in tho much older and rnoro chronic empyemas, 
where my previous experience 1ms been disappointing, nud wo are running into the difficulties 
I ran into many years ago. Wo are getting a lot of babbies from tiie lung and it often 
does not re-expand. I have hud one patient who died. 

As Dr. Gnnl said, you can tear into the lung, unJ I did. 

I think you enn orpect results in direct proportion to how far the infection and 
cicatricial tissue 1ms invaded tho interstitial tissue. 

In the early cases, such ns have been reported from the war, when tho so-called 
pleurn i« removed, you have n nice shiny, glistening pleura, but in tho old chronic eases that is 
not the cose as a rule. 

I am in favor, of course, of trying docortication on all of these patients, and I hope 
wo are going to get better results than we have in somo of those wo havo nttompteJ. 

I wouldn't say that in tuberculous empyema six months should be called vory .chronic, 
because there ore so many patients tlmt lmve been badly treated with pnoumothorax and have 
gone for years with aspiration. Many of these patients should not bo decorticated because 
of previously existing extensive tuberculous disease. I would like to tliink that we.can 
get lungs ro-expanded in very old chronic empyemas in n good percentage of patients, but 
I am dubious. 

When the doctors enmo homo and sliowod us nil the work they lmd done, I thought I 
lmd been making a mistnko nil these years, but I nm not yot convinced. We are going to 
try it faithfully Imt there must l>e limitations. 

I want to warn you that we already are running into some trouble in old chronic 
empyemas. I lwlicvo they will rot turn out as did tho earlier cases that were shown by 
the boys who came back. 



600 


THE JOURNAL OF THORACIC SURGERY 


DR. CARL EGGERS, New York, N. Y.—Dr. Gurd stated that the first cases of tuber¬ 
culous empyema which he treated by means of decortication were among the residue of 
chronic empyema patients resulting from the first world war. 

We, here in the U. S. A., had a similar experience. A large series of chronic empyema 
patients were subjected to critical analysis in order to find the reason for nonhealing, 
whether it be imperfect drainage, secondary pockets, bronchial fistula,' foreign body, or some 
other cause. Aunong these other causes, unrecognized tuberculosis, either apparently limited 
to the pleura, or associated with parenchymal disease on the same or opposite side, was 
occasionally found to be the responsible factor. 

In the Annals of Surgery for March, 1923, pages 327 to 353 and 375 to 378, we re¬ 
ported the results obtained in 146 patients with chronic empyema treated radically by means 
of decortication of tho lung. Among these were eleven patients in which positive evidence 
of tuberculosis was obtained after radical operation. Of these eleven, three healed, one 
healed and died one year later, three did not heal and later died, and four were lost from 
follow-up. 

The impression we gained from these cases prompted us to apply the same procedure in 
six cases of chronic empyema which we were able to prove to be of tuberculous origin, prior 
to the radical operation. Three of these healed and were apparently also cured of their 
intrapulmonary focus, two continued to drain, and one was lost from follow-up. 

The following is a typical illustrative case: A woman of 24 was admitted with chronic 
empyema of nine months' duration, the result of an intrapulmonary complication following 
childbirth. Our examination disclosed the following facts: There was no temperature or 
increased pulse, no cough or expectoration; discharge Bhowed streptococci and tubercle 
bacilli, skin reaction was positive for tuberculosis, biopsy of sinus showed tuberculosis, a 
tuberculous focus was noted in the apex of the opposite lung, and injection of the cavity 
showed it to extend from the ninth to the fifth rib. After preliminary Dakin-Carrel treat¬ 
ment, a typical radical procedure was carried out in two stages. The object was to mo¬ 
bilize the chest wall, to mobilize the lung, and to remove all diseased tissue. To do this, 
small pieces of seven ribs were resected and the parietal pleura and the angle of reflection 
onto the lung removed in order to mobilize the lung. An incomplete decortication was done 
for fear of entering an intrapulmonary focus, and no attempt was made to inflate the lung. 
Convalescence was uneventful. The wound healed and tho patient is known to have been 
entirely well twenty years later. 

An interesting point connected with this case is that the boy who was bom when 
the mother contracted her disease developed tuberculosis of the spine for which a fusion 
was done with a perfect result. 

It is my feeling that although we speak of and perform a radical operation with 
decortication in these cases, we should compromise somewhat. Rather than do a- complete 
decortication and forcible expansion of the lung, which may cause lighting up of the disease 
or perforation of a subpleural tuberculous focus, it is better to be satisfied with mobilization 
of the chest wall and lung as well as a thorough removal of all diseased tissue. 

I have been sufficiently impressed with tho value of the operation in these cases to 
continue to advise it in the occasional patient that comes under observation. 

When it comes to applying the principle of decortication to typical pulmonary tubercu¬ 
losis associated with a draining empyema of tuberculous or mixed infection, I would like 
to sound a note of warning. The prognosis depends chiefly on the extent and severity of 
the underlying intrapulmonary disease, and is frequently hopeless. Only if it is felt that 
the parenchymal disease is under control and the draining empyema is the chief lesion, 
operation is indicated, but should not consist of decortication, but of mobilization of the 
chest wall by the resection of short pieces of ribs overlying the cavity and complete un¬ 
roofing of the cavity with excision of the angle of reflection onto the lung. One has to 
depend here not on reexpansion of the diseased lung, but on sterilization and mobilization 
of the chest wall in order to bring about healing. 

There is a third group of patients which deserve consideration, namely, patients with 
tuberculosis of the upper lobe who have been on prolonged pneumothorax treatment, but with 
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on unsatisfactory result. Surgeons ore frequently called upon to so© such patients. Tko 
lower uninvolved lobe is beautifully collapsed, has become fixed in that position, and is 
permanently out of function, while the uppor diseased lob© has not collapsed because of 
fixation to tho chest wall. Evidently the pneumothorax treatment has been continued beyond 
the time that seems justified. An extrnplouml thorocoplasty will take care of tho disease in 
the upper lobe, but what to do with the lower lobo which should nevor have been collapsed, 
or rather, which should not havo beon allowed to remain collapsed so long, is a problem. 
Sometimes gradual re-expansion will take place, but if it remains collapsed it constitutes 
a problem for the younger men of our association to solvo. Perhaps a decortication limited 
to the lower lobo will prove feasible and practical, and not associated with too much risk. 
To apply tho general principle of decortication to pulmonary tuberculosis without careful 
consideration and tho cooperation of Internists would be n mistake. 

DR. RICHARD H. MEADE, JR., Chicngo, HI.—It is extremely important that this 
subject has been brought up for discussion. Dr. Eggers has covered all of tho points I 
wna going to nsk that he cover, except.for one small technical point. 

When Dr. Eggers presented his papor in 1020, which Inter was published, I read it 
with a great deal of interest, and some years after that liad occasion to apply his proce¬ 
dure in a patient that I thought Jind n nontuberculous crapycran. Everything wont beauti¬ 
fully and tho patient recovered quickly, but unfortunately returned with widespread tuber¬ 
culosis and died. 

The next pationt with unrecognized tuberculous empyoma on whom I did a decortica¬ 
tion (during the war) also died with widespread tuberculosis. 

I think that if one can be suro in which cases the decortication can be done without 
that great danger, it can bo appliod quite widoly. 

There is only ono very minor technical point that I think is worth mentioning, because 
it has been brought up a number of times, and that is, everyono has spoken of the neces¬ 
sity of resecting a number of ribs in these cases in order to get adequate exposure. If one 
will simply strip off tho greatly thickened layor over the parietal pleura when the first 
incision is made, over a space of several ribs, one can get adequate exposure without resect¬ 
ing large segments. 

I believe that tho use of adequate drainago, as has been shown frequently in chronic 
ompyemns of non tuberculous nature, and also in tho ciironic pneumothorax cases, i* of great 
help in bringing about complete and rapid rcexpnnsion. 

I believe, however, tho most important question is, in which cases of tuberculous 
empyema can ono carry out this procedure without the danger of stimulating spread of the 
disease. 

DR. FRASER B. GURD, Montreal, Qae.—It was naturally impossible in the time at my 
disposal for mo to go into the pathology of tuberculosis or into tho life-history of the tuber¬ 
culous. In my original correspondence with tho Secretary, I pointod ont that there were but 
three esses but that, if it were deemed advisable by tlio Programme Committee to havo this 
subject presented for discussion, I should l>e glad to do so. 

I should like to thank thoso who have taken port in the discussion. 
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A DEQUATE treatment for the greater number of patients with pulmonary 
tuberculosis can be provided by bed rest in combination with a few well- 
standardized procedures such as pneumothorax and supplemental pneumo¬ 
nolysis, phrenic surgeiy, and thoracoplasty. A considerable group of patients 
remains, nevertheless, for whom standard collapse therapy is either unsuccess¬ 
ful or inapplicable. 

The literature of the past two decades contains many references to the 
management of cavernous tuberculosis in patients with giant cavity or tension 
cavity; with bilateral cavities or lower lobe cavity; with residual cavity after 
collapse therapy; or with dyspnea or advanced age as a barrier to routine man¬ 
agement. Various new methods have been suggested to deal with some of these 
circumstances. Along with procedures such as extrapleural pneumothorax, 
paraffin plombage, apieolysis of Senib, Monaldi endocavitary aspiration, and, 
most recently, pulmonary resection, surgeons are finding a place for open 
surgical drainage of the tuberculous cavity, or cavemostomy. 

The present report is based on eighty-four cavemostomy operations* per¬ 
formed at the Herman Kiefer Hospital, and at three near-by tuberculosis sana- 
toriums. Seventy-four patients were operated upon. One had bilateral opera¬ 
tions and several others had secondary drainage at the same site. Up to the 
present time, we have used cavemostomy chiefly as a salvage measure when 
other procedures were contraindicated or had failed. For a few patients, it was 
used electively. 

HISTORICAL BACKGROUND 

The surgical drainage of tuberculous pulmonary cavities is not new. It is 
probably very old. In an interesting historical survey of the procedure, Vine- 
berg and Kunstler 22 suggest that Hippocrates may have described this pro¬ 
cedure, though his writings perhaps refer to the open drainage of an empyema 
necessitatis. These authors also point out that Baglivi 2 in the late seventeenth 
century held the opinion that the opening of cavities leads to cicatrization. The 
undeveloped state of pathologic anatomy at that time suggests that the lesions 
treated may have been pulmonary abscesses or loculated empyemas. 

In the eighteenth century a Dr. Barry 3 of Dublin wrote of the beneficial 
effects from surgical puncture of tuberculous cavities in several patients. Re¬ 
ports of cases at this time are more likely to be authentic, since both surgical 
knowledge and recognition of morbid anatomy were more advanced. The 

From tlie Department of Surgery, Wayne University School of Medicine, and the Division 
of Thoracic Surgery. Herman Kiefer Hospital, Detroit. 

Read at the Twenty-Sixth Annual Meeting of The American Association for Thoracic 
Surgery, Detroit, Mich., May 20, 30, and 31, 1010. 

*A number of the operations in this series were done by W. M. Tuttie, M.D., and J. C. 
Day, M.D., before their entry into the armed forces. 
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English surgeon Sharpe, 10 writing at. nearly the same period, untlouhledly re¬ 
ferred to drainngo of intrapulmonary lesions and knew the importance of 
pleural adhesions in reducing the difficulties which followed surgical drainage 
across a free plournl space. 

According to Elliott,* Sir Henry Marsh of Dublin may have drained 
tuberculous cavities in two patients upon whom ho operated about 1830. J?e- 
covery followed in one of these. Hastings* with the help of a surgeon, Mr. 
Stokes, opened one tuborculous cavity in 1S44 and later performed a second 
similar operation. The wounds, first packed with lint or gauze, were later 
drained by a rubber tube. Hastings reported considerable improvement in theso 
two instances and also after a third similar operation by Mr. Thomas, a surgeon 
of Wales. He pointed out, however, that the procedure should be limited to 
the occasional patient with a large, solitary cavity and a relatively sound con¬ 
tralateral lung. 

In 18S5, De Ccrcnvillc expressed the belief, according to Vinclxtrg nnd 
Knnstler,” that cavity drainage would prove to l>e a useful operation. These 
nuthors also cite Saucrbrueh nnd other continental surgeons ns holding a simi¬ 
lar opinion. The rapid development of surgical technique and surgical ex¬ 
perience in the latter years of the nineteenth century soon made it obvious that 
drainage of tulwrculous abscesses in any part of the body left chronically drain¬ 
ing wounds and yielded disappointing results. Pulmonary cavities have been 
opened deliberately or inadvertontly numerous times in the early period of 
modem thoracic snrgcry. The attendant disadvantages and complications 
made nvoidanco of the procedure almost axiomntic, nnd the development of 
collapse therapy demonstrated the relative superiority of extmpuhnonnry tho¬ 
racic operations over intrapulmonary drainage. 

In the early twentieth contury, cavity drainngo was so little used that 
Geklor nnd his associates, 11 who, in 1924, tiled cavcrnostomy tentatively on three 
very ill patients, noted with surprise the favorable effect nnd attributed it 
lnrgoly to the “sterilizing” influence of coal-tar dyes which they used by local 
application. Thoy reported progressive reduction in the size of the cavity and 
early appearance of granulation tissue in the cavity nnd surgical wound, with 
general improvement in crcIi patient. 

Lilienthal, u in 1927, reported open drainage of a Inrge blocked envity re¬ 
maining after thoracoplasty. The patient’s condition improved, the envity bo- 
eamo indefinite, nnd the wound presumably healed. Two years later this author 
stated 1 * that the patient was further improved though the wound reopened. 
He also cited two additional eases of post-thoracoplasty envity subjected to 
open drainage. Sputum examinations are not reported in ono, but tho wound 
almost dosed, leaving a small sinus. In tho other, the envity was opened into 
a residual empyema nnd sputum examinations became negative while healing 
progressed considerably with only two small fistulas remaining. 

Nisscn, 1 ’ in 1931, gave a short report of ono patient on whom cavcrnostomy 
was followed by transplantation of a pedicled graft into the envity. The cavity 
npponred closed nnd the postoperative photograph shows firm healing of the 
wound. 
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A description of the flap-valve mechanism of blocked cavity was given in a 
study of pathologic specimens by Hall 12 as early as 1922, but only in the decade 
just past have we reached a real understanding of the effect of the efferent 
bronchus in the closure of cavities by collapse therapy. The work of Coryllos 5 
in 1936 on the mechanics of tuberculous cavities was outstanding. He came to 
believe all rapid changes in the size of cavities and their healing or resistance to 
closure, were due to the state of the broncliial outlets. Coryllos and Omstein® 
made detailed studies of cavities in the living by endoscopic examination, and 
concluded that healing would follow complete bronchial occlusion, which they 
attempted to produce. 

Eloesser 9 and others likewise recognized the role of a valvular bronchus in 
tension cavities, but disagreed as to the value of closing the bronchial outlet. 
The point was generally established, however, that a relation exists between the 
state of the efferent bronchus and the response of a cavity to collapse therapy. 
A rational basis was thus provided for an intrapulmonary attack on certain 
cavities which resisted closure by collapse therapy. 

In 1937, Eloesser 9 reported the performance of cavernostomy for tension 
cavity in two patients. Open drainage in his first patient was done after 
thoracoplasty. At the time of his report there was clinical improvement but 
the cavity was open and sputum was positive. In the next instance cavemos- 
tomy was used for bronchopleural fistula after paraffin plombage. The wound 
and cavity were opened and packed with gauze, and later healed although the 
patient retained a productive cough. Postoperative sputum examinations are 
not mentioned. 

Coryllos and Omstein® drained twelve cavities which remained open after 
thoracoplasty, and performed early closure with a pedicled muscle graft. The 
sputum became negative for tubercle bacilli in five, one of whom died later of 
pneumonia. Three other patients also died. Their report makes no mention of 
the postoperative x-ray appearance and ultimate cavity closure in the series. 

Neuhof 16 used free grafts of fat to close pulmonary cavities in a group 
of patients of whom only two were tuberculous. In one of the latter, a cavity 
persisted after thoracoplasty, and was opened and packed with loose fragments 
of fat. The wound healed satisfactorily and sputum examinations became neg¬ 
ative. In the second tuberculous patient, the grafts were infected and ex¬ 
pelled. The final result is not mentioned. 1 

Brunn and his associates, 4 in 1941, reported one open drainage of a residual 
cavity after thoracoplasty. A skin flap was sutured to the pleura and the wound 
later healed. The result was considered successful. Eloesser, 10 about the same 
time, described two cases of cavity which failed to respond to the Monaldi pro¬ 
cedure of cavity aspiration. Open drainage was done with the creation of a 
s kin flap, and the wounds healed, leaving a bronchial fistula. He does not men¬ 
tion sputum conversion nor final complete healing. 

Steele 21 mentioned one patient who had drainage of a cavity not closed by 
an eight-rib thoracoplasty. At the time of his report, the cavity and wound 
appeared healed but sputum examinations were not mentioned. Davis 7 reported 
that his patient, after a similar procedure, had negative sputum with a partly 
healed wound four months after operation. 
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Rogers, Shipman, and Daniels 18 performed flap drainage of a cavity on nine 
patients after thoracoplasty, with no deaths. Five of these had healed wounds 
and negative sputum, and another had negative sputum less than sis months 
after operation. Randolph 1 ' has recently reported envemostomies on two pa¬ 
tients after unsuccessful attempts at extrapleural pneumothorax. In one the 
sputum became negative and the cavity appeared closed. The state of wound 
healing is not mentioned. In the other the cavity appeared to close following 
open drainage. No mention is made of sputum examinations or wound healing. 

The reports of these surgeons, and other passing references such as that 
of Alexander, 1 indicate that open surgieal drainage of cavities is being done 
more frequently now than in former years. The indications for cavernostomy, 
however, arc not yet well defined. The discussion of our eases may show what 
can be expected of the operation in the field of tuberculosis surgery. 

INDICATIONS FOR OAVERNOSTOMY 

The patients wo selected for this procedure were drawn mainly from three 
well-defined groups; a few miscellaneous patients make up a fourth group. 
The classification is shown in Table I. The most common indication for 
cavernostomy was an inadequate cardiorespiratory reserve which precluded 
other forms of surgery. This condition was present in the forty-three patients 
of Group L In twenty-six, slight or moderate dyspnea was present at bed rest. 
In the othor seventeen individuals, respirator}' deficiency was established as 
present by tests of exercise, by differential brondiospirometry, or by previous 
attempts at collapse therapy. All but one of these forty-three patients had pre¬ 
existing tuberculosis in the contralateral lung, and thirty-one (72 per cent) had 
previous contralateral collapse therapy,.with resulting impairment of pulmonary 
function. Such measures aro listed in Table II and include, in the order of 
relative frequency, unexpanded or re-expanded pneumothorax with thickened 
pleura and encased lung; permanent or residual phrenic paralysis; uncompli¬ 
cated pneumothorax; and thoracoplasty. Of the other twelve patients (28 per 
cent) eleven had extensive contralateral productive lesions, fibrosis, or emphy¬ 
sema, and each was slightly dyspneic. The last patient appeared to have one 
lung clear, but had auricular fibrillation and was dyspneic at bed rest. 

Three-fourtlis (74 per cent) of those in Group I also had previous inef¬ 
fective attempts at collapse therapy on the side of cavernostomy, as shown in 
Table HI. Twenty-nine (67 per cent) received an initial trial of pneumo¬ 
thorax; fourteen of these were given pneumothorax alone; ten, a combination 


Tabix I 


GROUP 

| INDICATION FOR CAVERN*OSTOiTT 

| NO. PATIENTS | 

PER CENT 

I 

Inadequate cardiorespiratory rrserve 




A. Noticeable dyspnea 

20 

35 


B, No dyspnea but impairment of 

17 

23 


contralateral lung 

.— 

— 


Total 

43 

58 

n 

Residual cavity after thoracoplasty 

13 

18 

m 

Lower lobe cavity 

8 

11 

IV 

Other conditions 

10 

13 



74 

100 
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Table II. Collapse Therapy of Contralateral Lung Prior to Cavernostojiy (Patients 

Witii Low Cardiorespiratory Reserve) 


_ PROCEDURE _ | NO. PATIENT S 

Pneumothorax, with thick pleura and encased lung 5 

Pneumothorax, re-expanded, with fiiick pleura and 9 

encased lung 

Pneumothorax, uncomplicated 6 

Phrenic paralysis, permanent or persistent, after crush- 9 

ing of nerve 

Thoracoplasty 2 

None (extensive pulmonary emphysema or fibrosis) < 11 

None (lung clear but patient dyspneic) _ 1 

Total 43 


of pneumothorax and phrenic paralysis; and five, phrenic surgery alone after 
initial pneumothorax failed to demonstrate a free pleural space. Three ad¬ 
ditional patients (7 per cent) had a partial, inadequate thoracoplastj r inter¬ 
rupted because of dyspnea. Two (4 per cent) had previous pneumoperitoneum. 
The remaining nine (22 per cent) had no previous attempt at pneumothorax on 
the side of cavemostomy either because of dyspnea or because of the large size of 
the cavity. In our experience, pneumothorax collapse for giant cavitj r lias been 
followed by serious complications in from one-half to three-fourths of the pa¬ 
tients. 

Table in. Collatse Therapy of Ipsilateral Lung Prior to Cavernostomy (Patients 

With: Low Cardiorespiratory Reserve) 


__ PROCEDURE _ I NO. patients 

Pneumothorax, re-expanded 14 

Phrenic paralysis after unsuccessful pneumothorax 5 

Pneumothorax plus phrenic paralysis 10 

Partial thoracoplasty (incomplete because of dyspnea) 3 

Pneumoperitoneum 2 

No collapse therapy 9 

Total 43 


These members of Group I, then, had visible or latent dyspnea. They had 
rather long-standing bilateral tuberculosis, and ample but unsuccessful pre¬ 
vious treatment. No additional measures of collapse therapy seemed applicable, 
and the prognosis was uniformly poor. 

Group II comprises thirteen patients with residual cavity beneath a 
thoracoplasty (Table I). Nine of these (69 per cent) had had one or more re¬ 
vision thoracoplasty operations and were thought to have maximum surgical 
collapse. Three (23 per cent) showed globular cavities up to 8 cm. in size after 
a three-stage thoracoplasty with removal of seven ribs. One (18 per cent) had 
a large tension cavity beneath a partial thoracoplasty, after removal of five 
libs. None of these patients had dyspnea at rest. Three had definite exertional 
dyspnea, but had undergone the previous surgery without difficulty. 

Nine memhei's of this group could be considered as affording a tolerable 
risk for any major surgery. The three with exertional dyspnea, and one other 
with active exudative lesions about the tension cavity, appeared to offer a poor 
risk for drastic surgical intervention. 
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Bight patients in Group in each had a large cavity in a lower lobe, with 
adequate respiratory reserve and n clear or nearly clear contralateral lung 
(Table I). All of these pntients had a previous trial of pneumothorax or 
phrenic paralysis or both. One young diabetic mnlo developed tlio lower lolic 
cavity three years after a seven-rib thoracoplasty which hnd closed an apical 
cavity on the same side. One man aged 67 years, was thought to be a poor risk 
for more radical surgery. The other seven weru in satisfactory gonernl con¬ 
dition for any surgical procedure. 

In two of the ten miscellaneous pntients in Group IV - (Table I), the 
residual brouckocutnncous sinus after a Jlonaldi operation was converted to 
open cnvemostoiuy for the control of persistent bleeding from the chest wall and 
cavity. Both of these men also hnd active tuberculosis and cavities in the op¬ 
posite lung. In two pntients with huge apical cavity, Jlonnldi intercostal drain¬ 
age was done after an nnterior thoracoplasty and was followed by posterior 
thoracoplasty without cavity closure. The residual cavity and sinus were con¬ 
verted to ojMjn drainage. Cnvernostomy was used hi one instance of large bi¬ 
lateral apical cavities with the expectation of luter performing thoracoplasty on 
the other side, b’or three elderly men with huge cavity and intractable cough, 
eavemostomy was done ns a palliative measure. One young man had an un¬ 
healed posterior wound and bronchocutnncous fistula, following an infected 
three-rib thoracoplasty, and an infected nnterior chest wall adjacent to a 
Jlonnldi catheter drainage (both performed elsewhere), with a large residual 
cavity. This was subjected to open drainage to divert the stream of infective 
mnterial from the previous wounds. One child of eight years with dense 
exudative tuberculosis of one lung surrounding a 4 cm. lower lobe cavity, and 
with ulcerative tuberculous enteritis, was chosen for eavemostomy after pneu¬ 
mothorax was attempted without success. 

The members of Group IV all had nctivo scattered or dense exudative le- 
sious in one or both lungs at the time of operation. It seemed clear that these 
patients, like tlioso in Group I, bad un apparently hopeless prognosis under the 
usual methods of management. 

The seventy-four patients discussed here nil had advanced tuberculosis. 
In five the disease was moderately advanced; in sixtv-nine, far advanced. OTily 
five had bilatoral open cavities at the time of the eavemostomy operation. None 
bad more than one cavity in the lung operated upon (though one later developed 
n second cavity in the same lung). Of tho total number, sixteen (21 per cent) 
were in favorable condition for major surgery, although all of them had under¬ 
gone an adequate trial of collapse therapy without Iwnefit. Tho remaining 
fifty-eight (79 per cent) arc shown to have been unfit for any surgery which 
might decrease the cardiorespiratory reserve. They had been given an unfavor¬ 
able prognosis. 

KUROICAI, TECHNIQUE 

Ancslhcxia .—Tho nncetheeln used tens eltiier lorn! infillrntion or general anesthesia try 
nitrons oxide and oxygen. The choice Itetween these tms dependent upon the condition of 
tho patient and the preference of the individual surgeon. 
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Table TV. Operative Procedures 




NO. 


PROCEDURE 

REASON 

OPERATIONS 

PER CENT 

Single stage 

No free pleural space 

44 

53 

Multiple stages 

Free pleural space over cavity 

17 



Inadequate localization of cavity 

8 



Dense plate of bone over cavity 

1 



Preliminary packing of wound to avoid in- 

1 



fection of chest wall 

— 


Total 

27 

32 

Secondary drainage Wound partly healed. Cavity open 

1 



Cavity reopened under healed wound 

4 



Cavity reopened after plastic closure of 

2 



wound 

— 


Total 

7 

8 

Incomplete operation First stage followed by pleural effusion and 

2 



cavity closure 




Small cavity not located 

2 



Secondary drainage attempted. Small re- 

1 



sidual cavity not located 




Fatal air embolus after first stage opera- 

1 



tion 

— 


Total 

6 

7 

Total 


84 

100 


Location of Incision. —An attempt was always made to approaclf the cavity at the point 
nearest the chest wall. In the eighty-four operations, a lateral approach was used six times; 
an anterior approach, ten -times; a posterior, sixty-eight times. The incision was straight 
or slightly curved. Creation of a plastic skin flap of the Eloesser type was not done. The 
location of the cavity in these operations was as follows: right upper lobe, 38 per cent; 
left upper lobe, 32 per cent; total, upper lobes, 70 per cent; right lower lobe, 21 per cent; 
left lower lobe, 9 per cent; total, lower lobes, 30 per cent. 

Rib Removal. —The length and number of ribs removed was usually merely enough 
to unroof the area of the subjacent cavity. This was most often a 4 to 6 cm. length of one 
or two ribs. In several operations for lower lobe cavity on “good-risk” patients, longer 
lengths of three ribs were deliberately removed to allow more relaxation of the area of pul¬ 
monary disease. ' 

Opening of Cavity. —When a partially free pleural space was present, the wound was 
packed with gauze for a number of days before the pleura and cavity were opened at a 
second, or occasionally a third, stage. An electrocautery blade was used for incision of the 
lung. A few of the opened cavities were packed with gauze throughout the postoperative 
period. In the rest, a firm rubber tube was introduced and maintained until the bronchial 
fistulas appeared closed. 

Other Surgical Procedures ,—In eight instances (seven patients), firm healing of the 
chest wall or the skin occurred before the cavity closed, or the closed cavity reappeared some 
time after healing of the wound. Secondary cavemostomy operations were then performed. 
In five patients with small (2 cm.) cavities, the operations were incomplete and the cavity 
was never successfully opened. On two occasions we closed the granulating wound and 
cavity by a plastic operation with a pedicled muscle graft. 

Of the eighty-four operations, forty-four (52 per cent) were performed in' one stage, 
twenty-two (26 per cent) in two stages, and five (6 per cent) in three stages. There were 
eight (10 per cent) secondary revision operations (one incomplete). Five primary operations 
(6 per cent) were unsuccessful without opening into the cavity. These procedures are listed 
and explained in Table TV. 

The type of procedure was determined by various circumstances. Obliteration of the 
pleural space at the operative site was encountered forty-four times and permitted immediate 
opening of the cavity. A two-stage or three-stage operation was required seventeen times 
because of a free pleural space. In eight operations, inadequate localization of the cavity 
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Table V. Distribution of Cavernostomy Operations 



I NO. 

J NO. 

1 PROCEDURES 


| OPERATIONS 

Single cavemostomy (one or more stages) 

60 

60 

Bilateral caveroostomy 

Two cavemostomies for soparate cavities in same 
long 

Primary cavemostomy and secondary drainage of 
cavity 

Primary cavemostomy and two secondary operations 

1 

o 

1 

2 

5 

10 

1 

3 

Incomplete operation* 

6 

7 

Total 

74 

84 


•One patient had had a previous cavemostomy with premature wound heallnc. 


required multiple stages; after further x-ray stndies, the cavity was successfully drained. 
In one instance, a dense plate of bone following n previous thoracoplasty required a two- 
stage operation to drain the underlying cavity. Preliminary wound packing with second- 
stage cavity drainage was dono once after wide rib resection over a large lower lobe cavity 
to avoid a spreading infection of soft tissues. 

A secondary or revision cavemostomy wo* done once to enlarge an inadequate stoma 
to a large cavity. Two healed wounds following plastic closure, and five which healed spon¬ 
taneously, were reopened to drain the recurrent cavity. In one of the latter operations, we 
did not succeed in reopening the small resldnal cavity and this operation is listed as incom¬ 
plete. Of the five other incomplete operations, two were interrupted after the first stage by 
a traumatic pleural effusion in the. partially obliterated pleurnl space. In these patients the 
cavity then disappeared on x-ray examination and sputurns became nnd remained negative 
for tnborclo bacilli. We were unsuccessful in locating a small 1.5 to 2 cm. cavity in each 
of two patients; the sputum of one of these patients became negative after the procedure. 
Daring the sixth incomplete operation the patient died of cerebral air embolus following needle 
exploration of the cavity. 

We thus performed a single (or staged) operation on sixty patients, while fourteen had 
multiple or incomplete operations. The eighty-four procedures were distributed among the 
seventy-four patients o* shown in Table V. 


RESULTS 

The good results of almost any therapeutic measure for tuberculosis vary in¬ 
versely with the activity and extent of the disease, while the complications are 
likely to be directly proportional to tho degree of tuberculous involvement. These 
relations were encountered in the outcome of cavemostomy operation on tho 
four different groups of patients in this series. 

General' Results .—In evaluating the results of cavemostomy operations, 
wo listed patients as apparently arrested when the wound was healed without 
drainage, the cavity remained closed in serial x-ray e x a min ations, and repeated 
examinations of smears of pooled, concentrated sputum were negative for 
tubercle baoilli for a minimum of eight months and continuously up to April 1, 
1946, with no active lesions in the opposite lung. 

Patients were classed as improved,• if the wound was contracting about 
the drainage tube or reduced to a sinus too small for a tube; the cavity by 
x-ray was invisible or no larger than the drainage tube, and sputum examina- 

• One patient In listed as Improved who had cavern ostomy for a larpo lower lobe cavity 
with a pre-existent contralateral cavity under a thoracoplasty collapse. The cavity which was 
drained has disappeared and the wound is solidly healed. We think It possible to close the 
cavity In the opposite lnnc by revision thoracoplasty. 
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tions an described remained negative. If sputum examinations remained oc¬ 
casionally positive, or if the cavity was still visible in the roentgenogram, or 
if wound healing was unsatisfactory, tho patient was considered unimproved. 
Those patients who were operated on in the past eight months are listed as too 
early for classification. 

Of tho ontiro group, thirty patients aro apparently arrested or improved. 
Eighteen of these are at home, of whom four have intermittent slight 
sorous drainago from a small sinus. Five who have cavity closure, healed 
wounds, and negative sputum, are soon to be discharged from hospital 
care. Six more with negative sputum and no definite cavity still have a small 
draining wound sinus, with examinations of the drainage negativo for tubercle 
bacilli. One with cavity closure and a well-healed wound will need revision 
thoracoplasty for a residual cavity in the opposite lung. 

Eight patients are unimproved, one of whom is worse. Six operated on 
sinco August, 1945, are not 1 classified, although two now have negative sputum 
examinations. Thirty are dead. These results ore classified in Table YI accord¬ 
ing to the original indication for eavemostomy. 


Table VI. Hesults or Cavei;kostouy 





APPAR- 



NOT 





ENTLY 

ill- 

UNTlf- 

GEAS3I- 




NO. 

ARRESTED 

rROVED 

PROVED 

PIED 

(%> 

GROUP 

INDICATION 

PATIENTS 

(%) 

(%) 

(%) 

(%> 

DEAD 

I 

Low cardiorespiratory re- 








servo 








A. Dcfinlto dyspnea 

26 

4 

12 

s 

15 

61 


B. No dyspnea at rest 

15 

33 

27 

7 

7 : 

20 


Total 

41 

15 

17 

7 

12 

49 

II 

Residual cavity after tbo- 

11 

55 

D 

- 

9 

27 

in 

rncoplasty 

Lower lobe cavity 

0 

83 

_ 

17 

_ 

. 

IV 

Other conditions 

10 

- 

20 

20 

- 

60 


Operation Incomplete 

0 

CO 

- 

33 

- 

17 


Total patients 


It is apparent that tho best results from the procedure were obtained in 
tho group with residual cavity aftor thoracoplasty, in which 55 per cent aro 
apparently arrested, and 9 per cont improved; and in the patients with lower 
lobo cavity, of whom S3 per cent arc apparently arrested. The least favorahlo 
results and tho highest mortality rate occurred when eavemostomy was used ns 


Fir. 7 _Case 3. E. G.. Sept 10, 1941. There la a partial collapse of the right lung by 

pneumothorax, with an acute pleural effusion which became empyematou*. Tho upper two-thirds 
of tho loft lung show exudative infiltration*, with a 6 cm. cavity In the apex of the upper lobe 
posteriorly. Thin patient wa* extremely 111, with a high fever and rapid loss of weight Tho 
former plan for a left thoracoplasty had to be abandoned because of dyspnea. 

Fig. 8.—C *50 3, E. G., Dec. 10, 1043. The light empyema bn* almost disappeared; It was 
treated by frequent repeated aspirations. On the left, the apical cavity i* much smaller after 
cavernostomy, and a rubber drainage tubo 1 * tn place In the cavity. 

Fig. 0.—Cose 3, E. G-, Sept 11. 1044. The right pyopneumothorax ha* been completely 
re-expandod. Minimal pleural thickening !■ visible below the right clavicle. On the left the 
eavemostomy tube ha* been removed, the wound Is completely healed, and no cavity Is visible. 
Contrast shadows are caused by Irregular rib regeneration on the left Sputum examinations 
aro negative. 

Fig. 10.—Case 3, B. G.. June 18, 1045. This film was made Just before discharge. No 
cavity la visible on either aide. There Is a soft-tissuo defect on the left posterior thorax. The 
patient is asymptomatic, and sputum 1 * repeatedly negative for tuberclo bacilli by smear and 
culture of pooled specimen*. 
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IV wilvuge memmra of last rasort. Among the patients with inadequate eardio- 
rospinitoiy reserve, 15 per cent arc arrested and 17 per cent improved; 49 per 
cent expired. Of the miscellaneous patients with active or progressive tuber¬ 
culosis, none was arrested and only 20 per cent are improved; the deatlis 
nmounted to 60 per cent. 

Tho variation in tire operative results is also shown strikingly when these 
patients are reclassified according to tire apparent surgical risk at the time of 
envemostonry. Host of those with residual cavity aftor thoracoplasty (Table I, 
Group II), or with a lower lolrc cavity (Table I, Group III), were in fairly 
good condition for surgery, although three had exertional dyspnea and one 
was arr elderly man nearly 70 years of age. In general, they had adequate pul¬ 
monary furretion and quiescent tuberculous lesioas (apart from the cavity 
drained). They may he termed “good risks.’’ Of these seventeen individuals, 
65 jrcr cent are arrested and 6 per cent improved; 17 per cent are dead. Tire 
fifteen patients irr Group I-B (Table I) with no risible dyspnea hod bilateral 
tuberculous lesions with obvious impaired function of tho opposite lung. Most 
of them, however, did not have active contralateral disease at tho timo of 
surgery, and could Ire considered “fair risks” for cavomostomy. They ap¬ 
peared wholly unfit for thoracoplasty or resection, since our observations showed 
most of the pulmonary function lay in the lung operated upon. Thirty-three 
per cent of these patients are arrested, 27 per cent arc improved, and 27 per cent 
arc dead. 


Table VII. Resows or Cavehnostouv 


simoiavL 

HLBK | 

NO. 

PATIENTS 

I Al'l’AJl- 

EXTLY 

1 ARRESTED 
(%) 

I IMPROVED . 
(*) 1 

UNIM¬ 

PROVED 

(%> 

1 NOT 

jobASSiriKDi 
1 <%) 1 

t>rju> 

(%) 

Poor risk 

36 

3 

14 

11 

11 

61 

Fnir risk 

15 

33 

27 

6 

6 

‘27 

Good risk 

17 

65 

6 

0 

0 

17 

Total patients 

08 

'21 

18 

11 

V 

4(» 


Tho remaining thirty-six patients in Groups I-A and IV (Table I), exclud¬ 
ing those six in whom cavity drainage was not accomplished, had definite 
dyspnea, or progressive tuberculosis, or both, at the time of operation. They 
wero undoubtedly “poor risks” for any form of therapy. Those now dead 
amount to 61 per cent; 14 per cent arc improved, and only 3 per cent ap¬ 
parently nrrested. These figures are summarized in Table VII. 


Fig. U.—Case 4, W. C., Jnn. 10. 1011. A 7 cm. cavity is present In the upjier third of 
the right lung, with scattered Infiltrations throughout tho remainder of the lung. The lert 
lung is clear. The right apical cavity remained open uftcr pneumothorax and itartlal pneu- 
mouolyata. Persistent pleural effusion appeared later and the pneumothorax was re-expanded. 

Fig. 12.—Case 4, W. C., April 17, 1042. This film wna made after patient had had seven 
stages of right thoracoplasty Including three revision operation*. In nil, nlno ribs have been 
reaected. A 4 cm. cavity Is still present below the right clavicle, and sputum 1 b persistently 
positive for tuborclo bacilli. 


Fig. 13.—Case 4. W. C.. April fi, 1011. Kight cavcrnoatomy was done Sept. 12. 1912, and 
the cavity was opened through the posterior thoracoplasty scar. Tho wound 1 b now completely 
healed and tho cavity closed ten montlis after open drainage. Thin Him shows Irregular contrast 
flhadowu which are duo to tho sort-tissue defect In the posterior thorax. Sputum 1 b negative 
for tubercle bacilli by smear and culture of pooled specimens, and the patient Is symptom-free. 

Fig- 14.—Case 4. W. C.. July 0, 1013. The patient was discharged from the hospital more 
than a year previously. Ho has been gainfully employed for the pant eight months. Sputum 
examinations are negative for tubercle bacilli. 
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'Wound Healing .—-Since a number of the operations were of too recent a 
date to allow judgment of the final result, those patients who were operated on 
more than one year ago, before April 1, 1945, were studied separately, to ascer¬ 
tain the fate of the wound, the cavity, and the related ipsilateral tuberculous 
lesions. Only a few of the living in this group had previous active disease on 
the opposite side. 

Table YIII classifies the wound healing of all thirty-two living patients 
with cavemostomy done more than a year ago. Among these the cavity is 
closed and the wound is healed in eighteen (56 per cent of the living patients), 
and such lesions are here considered healed. Six more (19 per cent) are classed 
as healing, with the cavity apparently closed, or small'and indefinite; and the 
wound reduced to a small, draining sinus. Bight (25 per cent of the living 
patients) are unhealed, with open cavity and a drainage tube in place in the 
surgical sinus. 


Table VIII. "Wound Healing After Cavernostohy (Living Patients Operated on Before 

April 1, 1945) 






STATUS OF WOUND 

GROUP 

> 

INDICATION for operation 

NO. 

patients 

HEALED 

(%) 

HEALING 

(SHALL 

SINUS) 

(%) 

UNHEALED 
(DRAINAGE 
TUBE IN 
PLACE) 
(%) 

I 

Low cardiorespiratory reserve 

A. Definite dyspnea 

6 

50 


50 


B. No dyspnea at rest 

9 

45 

33 

22 


Total 

15 

47 

20 

33 

n 

Residual cavity after thoraco¬ 
plasty 

Lower lobe cavity 

8 

75 

25 

- 

m 

6 

83 

_ 

17 

IV 

Other conditions 

3 

- 

33 

67 


Total patients 

32 

56 

19 

25 


The appearance of the wound postoperatively, and the rate of wound heal¬ 
ing were both surprisingly good in most instances, and often exceeded our ex¬ 
pectations. Pinal healing was, of course, slower than in a nontuberculous lesion, 
but only six wounds, after several weeks, still showed the indolent, supposedly 
characteristic, tuberculous appearance with absence of granulation tissue and 
marginal undermining. By far the greater number had early development 
of firm pink granulations, with progressive epithelization of the edges. We 
frequently had to dilate the sinus gently to maintain an adequate stoma until 
the bronchial fistula closed. As mentioned before, several of the wounds healed 
prematurely in spite of such efforts. 

Among the apparently arrested patients, healing was considered complete 
on the date that the wound or sinus became completely and permanently cov¬ 
ered with epithelium, with no further evidence of drainage. The time required 
for wound healing ranged from five to twenty-one months in all cases except for 
one minute but persistent sinus which required forty months before the slight 
intermittent drainage ceased. The average time was slightly over twelve 
months. 
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Table IX Sputum Conversion Ama; Caver nostomy (Living Patients Operated on 
Before April 1, 19-15) 


' 

a ROUT 

INDICATION FOB OPERATION 

NO. 

PATIENTS 

POSTOPERATIVE SPUTUM 
EXAMINATION 

NEGATIVE 1 1‘OSITIVE 

(9f) | <%) 

I 

Low cardiorespiratory reserve 

A. Definite dyspnea 

0 

67 

83 


B, No dyspnea at rest 

9 

SO 

11 


Total 

15 

SO 

20 

II 

Residual cavity after tliomco- 

fi 

75 

25* 

in 

plasty 

Lower lobe cavity 

0 

83 

17 

IV 

Other conditions 

3 

(J7 

33 


Totnl patients 

32 

78 

22 


‘Two patient* In whom envemohtomy was not completed axul tho cavity wn* never opened. 


Tablf. X. Postoperative Complications (Nonfatal) 


I NO. 

COMPLICATION | PATIENTS 


Tmoinntic pleural effusion 3 

Tmumatio pneumothorax (opemtire) 2 

Increased ayspnea 8 

Late hemorrhage from wound (one week to one yenr) 8 

Air embolus (immediate) * 2 

Air embolus (one year later) 1 

Infection of chest wall 1 

Iodoform reaction (from gauze packing) 1 

Loss of gauze in wound (after a dressing one year postoperative) 1 

Tuberculosis of spine 1 

Wound healing over residual cavity 1 

Reopening of cavity aftor wound healing _0 

Totnl corn plications ~ ~ • 3fT 


Tad lx XL Causes of Death (Less Than Three Months Postopzratively) 


I NO. 

CAUSE OF DEATH—EARLY | PATIENTS 


Hemorrhage from envity or wound 2 

Air embolus, operative 2 

Respiratory failure C 

Exacerbation of tuberculosis 2 

Auricular fibrillation and cardiac deeompenention 1 

Pulmonary embolus 1 

Empyema and bronehopleuml fistula 1 

Peritonitis (perfora tion of tuberculous ileitis) _1 

Total early deathB _ 35 


Table XIL Causes or Death (More Than Three Months Postoperatively) 


| NO. 

_ CAUSE or DEATH—I.ATE _ | PATIENTS 

Progression or exacerbation of tuberculosis 11 

Accidents from postoperative dressing 

A. Traumatic pneumothorax with bronchopleural fistula 1 

B. Air embolus 2 

Ilemorrhagc from cavity 1 

Lobar pneumonia and cor pulmonaie 1 

Total late deaths 15 
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The three wounds resulting from generous rib resection about a lower 
lobe cavity in good-risk patients showed slight initial delay in healing. Final 
closure and cessation of drainage from the saucerized defect, however, occurred 
earlier than in many wounds in which a narrow, deep sinus persisted. In most 
of the patients with a pre-existent thoracoplasty collapse, the cavemostomy 
wound healed rather rapidly. 

Sputum Conversion .—A prompt conversion of positive sputum to nega¬ 
tive was a very common occurrence after cavemostomy, as has been reported 
following the Monaldi procedure of cavity aspiration. Bacteriologie examina¬ 
tion of the purulent or serous drainage from the wound was not done routinely, 
because this was also nearly always found to be negative for tubercle bacilli. 
Sputum conversion did not occur in those patients with progressive tuberculosis 
or with exacerbations of disease after surgery, nor, of course, in those few with 
open cavity on the opposite side (see Table IX). 

Postoperative Complications and Deaths .—It has been seen that nearly 60 
per cent of these operations were performed upon patients with a low cardio¬ 
respiratory reserve. A considerable number had obvious dyspnea. In several 
patients, there were other active or progressive tuberculous lesions in addition to 
the cavity subjected to drainage. Nearly all had undergone previous, unsuccess¬ 
ful collapse therapy. The potential complications, from an operation of this 
type upon such patients are obvious and scarcely require detailed discussion. 
The nonfatal complications are listed in Table X, and the causes of death, early 
and late, in Tables XI and XII. 

It is, however, worthy of comment that most of the deaths may be attributed 
to evolution of the previous tuberculous disease. Respiratory failure (five pa¬ 
tients) , hemorrhage from the cavity (four patients), and progression or exacer¬ 
bation of tuberculosis (thirteen patients) account for 73 per cent of the deaths. 
Mention may also be made of the effect of cavemostomy upon the ventilatory 
efficiency of the patients. There would be presumptive danger from the sur¬ 
gical creation of a bronchocutaneous fistula in a person whose respiratory 
mechanism was sufficiently disturbed to show dyspnea at bed rest. A notable 
increase in dyspnea was, perhaps, not frequent in relation to the poor condition 
of many of these patients. Nevertheless, it was noted thirteen times, and was 
five times the chief cause of death. We believe this possibility should be con¬ 
sidered when employing cavemostomy on a patient with clinical dyspnea. 

SUMMARY 

1. A report is presented of the indications, operative technique, surgical 
complications, and results of eighty-four cavemostomy operations upon seventy- 
four patients. 

2. The more usual methods of collapse therapy had been previously em¬ 
ployed on nearly all of these patients.- 

3. The patients are divided into four groups according to the indication for 
operation. 

4. Forty-three patients with low cardiorespiratory reserve (Group I) had 
reduced function of the other lung which precluded collapse therapy or pul- 
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monory resection. Of these, twenty-six had clinical dyspnea and seventeen 
had none. After cavemostomy, thirteen (32 per cont) arc apparently arrested 
or improved; three (7 per cent) are unimproved; fivo (12 per cent) arc too 
early for classification; twenty (49 per cent) arc dead. Two others in this 
group had an incomplete operation without drainage of the cavity; both are 
now apparently arrested. The presence of dyspnea seemed an important factor 
militating against the success of cavemostomy. Among the pntients without 
dyspnea (but with low cardiorespiratory reserve) five (33 per cent) are ap¬ 
parently arrested and four (27 por cent) improved, with four (27 per cent) 
dead- Among the patients with visible dyspnea at rest, only one (4 per cent) 
is apparently arrested and three (12 per cent) improved, with sixteen (61 per 
cent) dead. 

5. Thirteen patients (Group II) had a residual cavity beneath a tho¬ 
racoplasty collapse. Six of these (55 per cent) are apparently arrested, and one 
(9 per cent) improved. One (9 per cent) is too early for classification and three 
(27 per cent) are dead. Two others in this group had an incomplete operation 
and are unimproved. 

6. A large lower lobe cavity not closed by pneumothorax or phrenic paraly¬ 
sis or both, was present in eight patients (Group HI). There was no impor¬ 
tant tuberculosis in the opposite lung. Five (83 per cent) are arrested, and 
one (17 per cent) is unimproved. Cavity drainage was attempted but not 
achieved in two others; one is now apparently arrested and one is dead. 

7. Cavemostomy was done upon ten patients (Group IV) with active or 
progressive tuberculosis and miscellaneous indications for surgery. Five of 
these had previous unsuccessful Monaldi intercostal drainage which was con¬ 
verted to cavemostomy. Two patients (20 por cent) are improved; two (20 per 
cent) are unimproved; and six (GO per cent) nre dead. 

8. The sixty-eight patients whose cavities were successfully drained were 
also classified as good, fair, and poor risks for surgory, according to their pul¬ 
monary function and extent of active tuberculosis. It was shown that the fair- 
risk and poor-risk patients could not have withstood collapse therapy or pul¬ 
monary resection because of reduced function in the contralateral lung. Among 
seventeen good-risk patients, eleven (65 per cent) nre apparently arrested and 
one (6 per cent) is improved after cavemostomy. One each (6 per cent) is 
unimproved and too early for classification, and three (17 per cent) are dead. 
Out of fifteen fair-risk patients, five (S3 per cent) are apparently arrested and 
four (27 per cont) arc improved. One each (6 per cent) is unimproved and 
too early for classification. Four (27 per cent) are dead. The patients who 
were poor risks for cavemostomy and unsuitable for any other surgery num¬ 
bered thirty-six. One (3 per cent) is apparently arrested and five (14 per cent) 
improved. Four each (11 per cent) nre unimproved and too enrlv for classifica¬ 
tion. Twenty-two (61 per cent) are dead. 

9. Most of the postoperative complications and deaths occurred in patients 
who before operation had visible dyspnea at rest, or active, progressive tuberculo¬ 
sis. Nearly 75 per cent of the deaths were attributable to these two factors. 
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10. The wounds which healed most readity were those of post-tlioracoplasty 
cavities, and lower lobe cavities with generous rib resection and some degree 
of surgical collapse in the area of the cavity. 


CONCLUSIONS 

1. When the usual measures of collapse therapy are ineffective for cavity 
closure, cavemostomy is frequently successfully used for residual cavities after 
thoracoplasty. Of eleven patients with such cavities, 55 per cent became ap¬ 
parently arrested with cavity closed, wound healed, and sputum negative for 
tubercle bacilli. An additional 9 per cent was improved with negative sputum, 
wound reduced to a small sinus, and cavity closed or not definitely visible. 

2. Likewise, after an unsuccessful trial of the usual procedures of collapse 
therapy,. cavemostomy is usually effective in closing lower lobe cavities, in pa¬ 
tients with adequate cardiorespiratory reserve. Of six such patients, S3 per 
cent became apparently arrested. 

3. Cavemostomy may be a useful procedure for patients without dyspnea 
or progressive tuberculosis, in whom reduced function of the opposite lung 
prohibits collapse therapy or pulmonary resection. Open cavity drainage pro¬ 
duced apparent arrest in 33 per cent, and improvement in 27 per cent of fifteen 
patients in this group. 

4. Cavernostom)’- yields few good results in patients with obvious dyspnea 
or progressive tuberculosis. In these instances, the operation was followed by 
apparent arrest in 3 per cent and improvement in 14 per cent of thirty-six 
patients. 

5. Healing of the wound and the cavity appears to be most prompt when 
cavemostomy was preceded or accompanied by some surgical collapse of the 
involved pulmonary tissue. 

6. Most of the deaths and serious complications occurred in patients who 
had poorly resisted advancing tuberculosis, or who were visibly short of breath 
prior to cavemostomy. 
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DISCUSSION 

DR. W. A. HUDSON, Detroit, Micln—I wnnt to agree very heartily with what Dr. Tost 
lias just presented. I think there are dofnlto indications for the use of cavern ostomy, but 
they nro limited indications. In genorol, we may use cavernostomy to moke our pationts 
more comfortable. We may use it to save a llfo or prolong n life. I think those are tho only 
three indications we hnve. 

Dr. Test hog gone into more detail ns to how we can select tho patients. I differ 
somewhat from Dr. Test’s and Dr. O’Brien’s group in approach to the cavernostomy. As far 
os possible, I like to clean up the cavern before doing tho cavernostomy. Frequently we 
still insert a tube, apply drainnge and suction, merely ns n preparatory measure, thereby 
ridding tho cavity of much of the secretion that may be present when it is open. We reduce 
what Dr. Arelilbnld used to call ( ‘marshy lung” about the cavities. 

In addition, I notice that Dr. O’Brien and his associates seldom use skin flaps, I 
have found skin flaps very helpful in making the patient more comfortable during the 
convalescent period, especially at the time you nro doing dressings, and it saves many 
secondary operations. 

These are slides of the type of skin flaps that are used. These examples range from a 
period of four years to nine years since cavernostomy. 

(Slide.) This is very soon after tho opening of the cavorn. You will note tlint an 
nnterior approach has been used, and there has been n skin flap to lino tlio upper or proximal 
portion of the cavity. There 1ms been a skin flap from tho nnterior lateral cheat wall to 
lino tlio anterior lateral portion of the cavity and a short flap to line that portion of the 
cavity which lies directly lateral, leaving only ono raw surfaco which is already under¬ 
going healing. 

(Slide.) Hero is a patient who is almost healed; there is a small sinus which is readily 
dressed. Thero is a bronchial opening of considerable sire in tho bottom of that cavity, and 
as long ns the fistula is present I think it very improper to allow the external opening to 
close. For tlint reason a skin flap lias proved very effective, 

(Slide.) Here is another cavity which is lined with skin down to and including prut 
of the base of the envity.Tlus portion has been covorcd and lined by epithelium growing ont 
from tho bronchial tree. It is now six years since tho cavernostomy. 

(Slide.) Those pntients are an free of sputum, nnd are going about their daily 
activities. Tliis case demonstrates depth of the cavity and tho small residue of visible long 
in the depth of the cavity. 
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(Slide.) This shows a very extensive cavity. The patient was operated upon nine 
years ago, after he had been rejected for all other forms of therapy, or had failed to get 
a result from the procedures tried. There is an extensive cavity extending from tho apex 
to midlung field and in contact with chest wall. We first established drainage by suction, 
cleaned up the cavity, relieving the patient of an aggravating cough, and then proceeded with 
cavemostomy, which converted the large cavity into a pleurocutaneous cavity. What we 
have really done is to exteriorize the cavity. 

This patient, for a period of about fourteen years, had lived at the expense of Wayne 
County, but during the past few years he has supported liimself. 

(Slide.) Tins shows the extent of the scar in the wall of the cavity about one inch 
in thickness and the small amount of lung that was resected. We tried to do a very generous 
resection of the outer wall of the cavity, and we feel that it is very important to remove as 
much of the parietal wall as possible. The flaps are placed so that they will not bo under ten¬ 
sion, and so there will not be too much difficulty in inserting gauze for dressing and pressure. 

DR. W. L. ROGERS, San Francisco, Calif.—I only rise for two or three comments, 
mainly because Dr. Shipman and I presented a paper before this organization at the 
Toronto meeting on this subject. 

It is somewhat doubtful whether or not one is justified in selecting this procedure as a 
primary measure except in a very selected, small group where the cavity lies posteriorly 
in the apex of the lower lobe, where it has not responded to other reversible forms of 
collapse therapy, and where, by cavernostomy, conversion may reasonably be expected. 

The only other specific indication for this procedure is in a small percentage of 
residual cavities underlying apical thoracoplasties, and I believe in that group where we 
may hope for sputum conversion, it is a justifiable secondary procedure. This indication has 
been covered by their Groups II and III. 

All other indications I am very much in doubt about, and am afraid if we pursue 
cavemostomy with the broader indications, it will prove disappointing. 

We feel that a two-stage operation is advisable. In two of our cases, after preparing 
the flap and resecting small sections of one or two ribs overlying the cavity, while waiting 
for the flap to become adherent, the underlying cavity closed, again illustrating the unpre¬ 
dictable nature of these cavities. 

Second, we prefer not to pack the cavity after it is opened. 

Third, we believe the skin flap is very essential, because many of the early failures 
which were performed many years ago were due to early stenosis of tho wound with closure 
before the cavity had been converted and obliterated. It is true that a sinus may, at times, 
remain, but if sputum conversion has been obtained the sinus may be closed subsequently. 

DR. F. C. TEST—Dr. Rogers' comment about the limited indications for this 
operation is very well taken. As you see, some of our best results were obtained on residual 
cavities after an apical thoracoplasty. Wc feel, however, that the high percentage of favorable 
results after drainage of lower lobe cavities may warrant further trial of cavemostomy for 
basal cavity when routine collapse therapy has proved ineffective. 

Tho comments about tire use of a skin flap wero interesting. A constant sequel to cavity 
drainage is the persistence of a chronic open sinus over many months. Skin flaps, may be the 
answer, but we have intentionally not used them hoping to avoid creating a permanent 
bronchocutaneous fistula. We were rewarded by obtaining a number of firmly healed 
wounds after the procedure. 



CARDIAC RESUSCITATION 


Mercier Fauteux, M.D. 

Montreal, Que. 

T HE management of cardiac standstill and ventricular fibrillation during a 
surgical operation presents mnny complex problems. A set of rules and 
procedures which in some instances can save life has been established gradually 
due to the experionco acquired in both the experimental and clinical fields. 
Theso rules and procodnrcs have been amply described in the literature. They 
will not, therefore, be recalled here. 

In this paper, we will confine tho discussion to (1) the essential charac¬ 
teristics of cardiac resuscitation, (2) the rarity of restoration of cardiac activity 
following cardiac standstill and ventricular fibrillation in clinical eases, and 
(3) the presentation of a few procedures which can be of great assistance to 
control a few important causes of failure in cardinc resuscitation. 

This report is based on the experience acquired experimentally during 
the past three years. More than 200 experiments were made on tho dog’s heart. 
Cardiac standstill or ventricnlar fibrillation was induced by various means, 
altering seriously the myocardial structure and functions, or they were tho 
spontaneous result of conditions created during operation on the heart. In 
every experiment, electrocardiograms as well ns blood pressure changes were 
recordod with many other findings of interest and valuo. It seems possible to 
state that now most of the dogs presenting spontaneous cardiac standstill or 
ventricular fibrillation during operation are definitely revived. These en¬ 
couraging results do not let us forget, howover, that much work has yet to be 
done in the experimental field before ono can control systematically tho numer¬ 
ous factors which at one momont or another can prevent cardiac resuscitation. 

DEFINITION OF CARDIAC RESUSCITATION 

Cardiac resuscitation means full and durable restoration, in due time to 
avoid eventual death, of the essential functions of a heart which has lost its 
power to propel blood, and which, in all appearances, is unable to recover spon¬ 
taneously its effective value as a pump. 

This definition, imperfect ns it may be, has the advantage, it is believed, 
of embodying the essential features of real cardiac resuscitation and of limiting 
the use of the term to its strict and true sense. First, the heart must ham 
stopped functioning as a pump. Many hearts are "resuscitated" which arc 
still boating with a certain degree of circulatory efficiency. Second, cardiac 
functions mist he fillip and permanently restored. This signifies that resump- 
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* lion of coordinated beats without concomitant recovery of adequate propulsion 
of blood to the periphery as well as temporary revivals of the cardiac beat and 
circulation for only short periods of time should not be considered resuscitation. 
Third, life must be preserved. This implies that fully operating cardiac func¬ 
tions are not sufficient. Serious and permanent damage to vital centers or 
organs due either to transcending the limit of resuscitability or improper tech¬ 
nique should be avoided. It is, indeed, a well-known fact that, resuscitation of 
any given organ is inextricably dependent on the maintenance of the functional 
ability of the others. The heart is no exception to that rule. 

If one accepts the fulfillment of these three conditions for true cardiac 
resuscitation, it soon becomes obvious that cases of real cardiac revival are not 
as numerous as the literature tends to show. Cardiac resuscitation following 
ventricular stoppage of more than a few minutes is a rare event clinically. 
On the other hand, it is more than probable that not a single case of ventricular. 
fibrillation in the human has yet been revived in the sense mentioned above. 

BRIEF DISCUSSION OF CARDIAC RESUSCITATION CASES REPORTED 
IN THE LITERATURE 

A. Resuscitation of Cardiac Standstill .—It is well known that when the 
heart ceases to propel blood, a series of phenomena develops leading rapidly to 
death. The aortic and pulmonary circulations fail. The systemic and coronary 
pressures fall to zero. Anemia of the brain and spinal cord follows immediately 
with ultimately fatal effects. Richet 1 found that three minutes is a sufficient 
interval to cause death of the medulla deprived of blood in dogs. Stewart and 
associates 2 have shown that seven minutes is approximately the average limit 
of complete anemia tolerated by the nervous system, and that it is rarely ex¬ 
tended to fifteen minutes. "Weinberger and associates 3 found that when the 
circulation is interrupted for eight minutes and forty-five seconds or longer, 
life could not be restored for more than a few hours. 

The clinical reports of resuscitation published, where cardiac arrest greatly 
exceeded the limit of resuscitability found by experimenters, should not be re¬ 
garded as evidence against experimental demonstration. The latter establishes 
its conclusions in much more favorable and accurate conditions. Contrarily, 
many sources of errors are unavoidable in clinical interpretation of cardiac 
arrest. The time elapsing from standstill to re-establishment of cardiac activity 
in a patient with an unopened chest is not easily recorded. Indeed, the inception 
of ventricular stoppage is impossible to determine except by actual inspection. 
Even electrocardiographic tracings cannot help in this occurrence. 

B. Resuscitation of Ventricular Fibrillation.—Yevy few attempts at cardiac 
resuscitation following ventricular fibrillation during operation have been re¬ 
ported in the literature. We believe that all of them ended in failure. 

Beck 4 reported two cases of defibrillation of the human heart. The patients 
were not revived. 

Barber and Madden 5 reported a patient who, according to them, showed 
ventricular fibrillation and was temporarily revived. No electrocardiograms 
were taken. Therefore, one cannot discard the possibility that paroxysmal 
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ventricular tachycardia or ventricular flutter may have been confused with 
fibrillation. A fact that strongly suggests that this is probnbly what happened 
is that a normal cardiac rhythm was restored by a method which in experi¬ 
mental conditions is never effective to resuscitate the fihrillathig heart, at .least 
in the dog. 

Thompson and associates 0 reported a case of “successful resuscitation” 
with operative recovery of the patient following cardiac cessation due to 
nuricular mid ventricular fibrillation. No electrocardiograms accompany their 
report to establish firmly the accuracy of their clinical interpretation. They 
massaged the heart, nnd injected intravenously 2 c.e. of neosynephrin, and 1 
c.e. of nikethamide. "Within one minute after tiic injection, the heart, was defi¬ 
nitely revived. They suggest lliat resuscitation may have been due entirely 
to cardiac massage and pulmonary ventilation. 

As far ns wo know, not a single ease of ventricular fibrillation in dogs or 
in patients has been revived only by cardiac massage or pulmonary ventilation 
with or without drugs similar to those used in their case. Pulmonary ventila¬ 
tion per so or combined with massage is not able to annihilate ventricular 
fibrillation. Massage stimulates the myocardium. It tends, therefore, to in¬ 
crease the force and the continuation of fibrillair movements. It never has the 
effect of rendering quiescent fibrillating myocardial fibers and is not nsod in 
cardiac resuscitation attempts for that purpose. Every fibrillary movement 
must bo eliminated before the fibrillating heart can resume a coordinated 
rhythm. This essential rule in dcflbrillntion bus been emphasized by Wiggers 
nnd confirmed by every experimenter with sufficient experience with ventricu¬ 
lar fibrillation. 

In the case of Thompson and associates, it is important to remember that 
auricular fibrillation preceded the ventricular rhythm they describe ns ventricu¬ 
lar fibrillation. In auricular fibrillation, it is not rare to sco an irregular, repid 
and bizarre ventricular rhythm, which is not fibrillation, appearing and disap¬ 
pearing spontaneously after a variable time even while tho auricles continue 
to fibrillnte. This is a frequent oliservation in cardiac experimental work when 
tho auricles arc mechanically stimulated, causing nuricular fibrillation. As early 
as 1894, Fransois-Franek 7 showed that auricular fibrillation sometimes can de¬ 
termine this rapid and bizarre ventricular rhythm. In 1903, he stated concern¬ 
ing tho effect of auricular stimulation on the ventricles: “Une excitation 
assez forte, ne dtlpassant pas ccpcndnnt la limite do tolerance du coeur, prodnit 
une tachycardia arytkmique des deux ventriculcs, earaet£ris6o par un 6tat 
soutenu do resscremcnt du myoenrdie qui constituc un vfiritable tftnnos nt- 
tfiuufi it secousses dissoci6es ct irreguliire.”* FrM6ricq” described this abnormal 
ventricular rhytlun under the name of “rythme nffolf des ventriculcs du ii In 
fibrillation des orcillcttes.” It Is more than probable that Thompson nnd his 
co-workers took for ventricular fibrillation itself that bizarre, ventricular 
rhythm which sometimes accompanies auricular fibrillation. 

On one occasion we hnd the opportunity to olraerve ventricular fibrillation 
during operation. The chest hnd just been opened nnd the heart exposed when 
tho ventricles began to beat very feebly and the blood pressure dropped. The 
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heart was massaged and 2 c.c. of epinephrin 1:1,000 were injected through the 
left auricular appendage. This cardiac stimulation provoked immediately 
ventricular fibrillation. Electrical shocks were administered to the myocardium. 
Coordinated beats followed immediately. Electrocardiograms were taken while 
heart was fibrillating, and after defibrillation. (Fig. 1.) The heart, how¬ 
ever, never regained its value as an effective pump, in spite of medication. At 
autopsy, it was found that both coronary arteries were totally occluded by old 
sclerotic lesions at their aortic mouths. These lesions were undoubtedly suffi¬ 
cient to prevent cardiac resuscitation. Apparently no blood could enter the 
main coronary arteries during cardiac massage and the extracardiac collateral 
circulation was too poor to irrigate the heart properly. Adequate blood flow 
to the myocardium is essential in any attempt to revive the heart. 



Fig. 1.—Electrocardiograph Ic tracings from a patient who developed ventricular fibril¬ 
lation during operation. Upper tracing during ventricular fibrillation, lower tracing after 
dcfibriliation. 


In conclusion of this brief discussion about the clinical cases of cardiac 
resuscitation reported, we should like to reiterate that clinical interpretation 
of the dying heart’s behavior and accurate timing of the onset of cardiac in¬ 
aptitude to propel blood are not a simple matter. The difficulties inherent in this 
problem are a source of man}' errors exposing erroneous statements concerning 
cardiac resuscitation. Finally, one should not be deceived by some extraordinary 
reports in the literature concerning restoration of cardiac activity. Good results 
are exceptional. Failures are still numerous, even in the operating room where 
the conditions of success are unquestionably better than anywhere else. 

Among the causes of failure in the operating room, loss of very precious 
time in trying at first simple and benign procedures as well as lack of organiza¬ 
tion and preparation to take care of any serious emergencies play an important 
role. These causes can and should be eliminated. There is no excuse for their 
persistence. With the essential equipment and a well-planned technique, a 
higher percentage of good results can be gained. 

Other factors of failure which we have particularly studied experimentally 
are: (1) Hyperirritability of the heart, (2) absence of cardiac tone, (3) in¬ 
crease of the myocardial temperature, and (4) peripheral circulatory failure. It 
is believed that these conditions can be controlled to a large extent when 
recognized on time and treated properly. 
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S05IE IHPORTANT CAUBES OF FAILURE IN CARDIAC RESUSCITATION 

1. HypcrirriicibilHy of the Hcnrt. —The development of cardiac hyper¬ 
irritability in a malfunctioning heart is dne to (a) cardiac ischemic conditions 
nhvays present in either cardiac standstill of a certain duration or ventricular 
fibrillation, and to (h) overstimulation of the myocardium by cardiac massage 
and intrneardiae therapy during attempts to revive the heart. IVhilo the 
myocardial structure is hyperirritable, the slightest cardiac stimulation, 
mechanical or chemical, may suffice to transform a standstill condition into 
fibrillation or render useless methods usually efficient to resuscitate the heart 
from a fibrillary state. 

It is, for instance, a well-known fact that in cardiac standstill intracardiac 
administration of drugs which in normal conditions only increase the strength 
and rnto of the hoart can provoke vontricular fibrillation. This is why intra- 
cardiac injection of epinephrin in patients with an unopened chest is rightly 
considered a dangerous method in cardiac resuscitation. These injections are 
made blindly, most of tho time through the light or left ventricle instead of 
through the auricles, and their effects cannot immediately be controlled, except 
by electrocardiographic tracings. "When they initiate fibrillation it is not known 
by the operator, and consequently no measures are taken to defibrillato the heart. 
Death ensues and the real cause of it remains unknown. On the other hand, it 
does happen that during attempts to resuscitate the heart from fibrillation, 
electrical shocks are successful in restoring a normal rhythm. Yet more or lass 
rapidly, paroxysmal ventricular tachycardia develops, due to overstimulation 
of a hyperirritable heart, nud fibrillation reappears. In such a state of affairs, 
repetition of electrical shocks seldom resuscitates the heart, which every time 
nfter defibrillation presents paroxysmal ventricular tachycardia leading to 
fibrillation. 

Among the drugs to decreaso cardiac hyperirritubility rapidly and to 
eliminate, therefore, deleterious refloxes and dangerous vontricular rhythms, the 
best known are members of the cocaine group. Thoir usago for this purpose is 
far from being a new discovery in tho physiologic field, as it has been stated in 
recent years. 

Fransois-Fronek in his Lecons at tho College de France from 1880 to 1904 
stressed repeatedly tho protective value of these drugs in cardiac experimental 
work. He recommended tho application of cocaine hydrocliloride solution on the 
surface of the heart and the great vessels at tho base of the heart to avoid 
reflexes. 10 From an historic point of view, and to give credit where it really 
belongs, it is important to quote at length this great physiologist. In his 
lecons, during 1893, he says, concerning the teclmique of coronary arterial liga¬ 
tion, “ces operations ont 6t( ronducs faeiles, grace a la cocainisation locale qui 
pennet les manipulations de ces rfgions si impressionablcs, sans danger sfrieux 
pour le coeur.” Concerning tho reflexes that one can provoke while working 
in the cardioaortie area, he remarks: "on observe tout particuliilrement des 
reactions dans les irritations do la rfgion sigmoidenne de l’aorte: elles dis- 
paraisscut h la suito d’une cocainisation interstitielle localisfe, pour reparaitre 
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quand la paralyse locale des reseaux sensitifs s’est dissipee. ” 12 Other important 
studies on the same subject were published later on by Fauconnier, 13 Koclmiann 
and Daels, 14 Gilbert, 10 Mathieu, 16 and Mathieu and Hermann, 17 to mention only 
a few. It became a routine procedure in many laboratories to use drugs of the 
cocaine group to reduce cardiac surface irritability. More recently, Mautz 18 
carried out very interesting experimental work which confirms entirely the 
conclusions reached by many physiologists years ago on the value of surface 
application of the same drugs. He did not claim that the method he studied 
so well was something new. 

These drugs also have been investigated as a measure to prevent ventricular 
fibrillation and as an aid in cardiac resuscitation from ventricular fibrillation. 
Both surface application and intravenous injection of these drugs were 
advocated years ago for the purpose of preventing ventricular fibrillation. The 
clinical usage of cocaine as an aid in cardiac resuscitation is unquestionably the 
logical application of a method long known to be valuable against cardiac.hyper¬ 
irritability. On the other hand the clinical use of electric shocks to defibrillate 
the heart has been the logical application of a method efficiently demonstrated by 
experimentation in the past century. 

Frangois-Franck studied the value of cocaine to increase the resistance of 
the heart against ventricular fibrillation caused by electrical shock. He says: 
“Dans nos experiences comparatives, nous avons profite de Faction attenuante si 
evidente que provoque sur 1 ’excitability cardiaque, la coeainisation generate du 
sujet (1 centigramme de cocaine par kilo, dose inferieure de moitie a la dose 
toxique) ; on obtient de meme une tolerance remarquable du myocarde par 
l’application locale directe de cocaine. Dans ces deux conditions, telle excitation 
faradique, qui aurait surement tue le coeur normal, ne provoque quTm tdtanos 
dissocie, plus ou moins prolong^, a la suite duquel les ventricules se relachent et 
reprennent instantanement leurs systoles et leurs diastoles normal es.” 10 

Later on, summarizing the value of cocaine to reduce cardiac irritability in 
a lecture devoted to reactions following general or local administration of 
cocaine, he sa 3 's: “Sous 1’influence de Faction locale de la cocaine, les manipula¬ 
tions directes du coeur, necessaires a l’introduction d’appareils, ne risquent plus 
de provoquer les accidents de tremulation mortelle; l’irritation de la region 
sigmoidenne de l’aorte ne produit plus les accidents que nous avons decrits, et 
leur disparition prouve leur mecanisme reflexe; de meme, l’insufficance aortique, 
pratiquee a la suite d ’une coeainisation interstitielle, se trouve reduite a ses effets 
meeaniques, et degagee des reflexes vaso-eonstricteurs et autres que nous avons 
fait intervenir dans la pathogenie d’un certain nombre d ’accidents accompagnant 
cette lesion. On peut aussi reprendre, grace a la coeainisation locale, et avec 
une securite plus grande, les experiences relatives aux effets de la compression 
ou de la ligature des arteres coronaires. L’irritation faradique ventrieulaire, qui 
tue le coeur normal, reste sans effet muisible su le coeur cocaine localement, 
quand les courants sont appliques sur la zone cocanrie; elle produit seulement 
une tetanisation incomplete et passagere du myocarde. D’accord avec les 
previsions resultant des faits qui precedent, les poisons tetanisants du coeur 
perdent, en partie, leur influence, a la suite des applications locales de cocaine 
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sur lo eoeur, ou do 1’impregnation du myocnrde par la voio eapillaire, apris 
1’injection veinouse dc doses suffisontes. ” M 

In 1931, Hermann and Jourdnn" allowed also tlint cocaine protects the dog’s 
heart to a certain extent against certain causes of vontricular fibrillation. 
Haute'* and Beck and Haute 1 * also reeommonded the use of procain to reduce 
tlio cardiac irritability ns a preventive measure against ventricular fibrillation 
and as an adjuvant in eardinc resuscitation. Their method, not different from 
tho one used by previous workers, consists in surface application of procain 
solution or injection of the drug in the blood stream. Their results confirm the 
findings of Frnmjois-Prnnck and many others. 

To reduce cardiac irritability impeding resuscitation from ventricular 
fibrillation, we did not find that surface application of procain solution was 
a method giving ns uniform and rapid results as the injection of tho drug in the 
blood stream. It seems also that the injection through tho auricles is a better 
method than tho injection through tho veins or tho ventricles. In principle, it 
is believed that intraventricular injections should be avoided systematically 
in circulatory arrests because they may add complicating factors by tho ven¬ 
tricular stimulation they provoke. One to 2 c.c. of a 2 per cent solution of 
procain are injected slowly through the left or right auricle. Very often, it will 
be found that approximately 0.60 c.c. is sufficient to stop paroxysmal ventricular 
tachycardia. Tho ideal dose in a given case can bo determined by observing 
carefully tho modifications of the cardiac rhythm. Ono should avoid doses 
causing considorablo loss of tone and excitability of the heart Indeed, if the 
organ is too much depressed, resuscitation will become difficult and will 
necessitate tho use of other drugs to counteract tho action of procain. 

Here are two examples of tho valuo of proeain when cardiac hyperirritn- 
bility prevents cardiac resuscitation. 

Dog No. SS7~dS: This dog had a ligation of tho minus dcscendcns of tho loft coronary 
artery at 2 cm. from the nortic origin df the left corbnary artery. Ventricular fibrillation ™ 
initiated by clamping and dcclaniping tho aorta. In spito of massage, intm-aurlcular injoc- 
tion of epinephrin and electrical chocks, it was impossible to reTivo the heart definitely. After 
each electrical shock, tho heart was defibrillated easily hut immediately paroxysmal ventricular 
tachycardia developed followod by fibrillation. At the sixth deflbrillation, while tho heart 
was showing again paroxysmal ventricular tnchycnrdia and liefore recurrence of fibrillation, 
one cubic centimeter of procain 2 jicr 100 was injected slowly in tho left auricular appendage. 
Immediately tho cardiac contractions slowed down, und without the help of any other pro¬ 
cedure or modication, the heart was definitely resuscitntod in spito of a ligature being left 
on an important coronary branch (Fig. 2.) 

Dog No. tiO-45: This dog had a ligation of the circumflex nrtory at 2 cm. from the 
origin of the left coronnry nrtory. Eleven minutes and forty seconds later, asphyxia was pro¬ 
duced by shutting off tho air supply. Four minutes and tliirtv seconds after the beginning 
of asphyxia, tho blood pressure was not recordable. At flve minutes nfter the beginning 
of asphyxia, the air supply wns resumed. It did not help the heart condition. The latter 
remained nt standstill. Cardiac nmssago and epinephrin injection stnrted ventricular fibrilla¬ 
tion, The myocardium was vory dilated and remained so in spite of prolonged massage. In 
certain instances, cardiac massage alone does not suffice to restore to tho heart a lost cardiac 
tone. Barium chlorido (1 e.c. of a 015 per cent solution) wns injected into the left auricular 
appendage. Tho heart recovered ite tone. Repeatedly thereafter electrical shocks defibrillated 
the myocardium. But each time, paroxysmal ventricular tachycardia occurred followed by 
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fibrillation. One cubic centimeter of procain 2 per cent was injected into the left auricular 
appendage while the heart was fibrillating. It. did not stop fibrillation, but one electrical 
shock applied immediately after the injection sufficed to defibrillate and resuscitate the heart 
definitely in spite of the ligature over the circumflex artery. , 

Wiggers and Wegria 23 concluded from tlieir studies that procain raises the 
resistance of the ventricles to fibrillation but does not prevent its occurrence. 
They found no instance in which the heart became entirely refractory to fibrilla¬ 
tion. Because they have witnessed instances in which repeated trials failed to 
defibrillate the ventricles, and, when they considered revival hopeless, still 
another shock was effective, they believe that the results of Beck and Mautz with 
procain may have been fortuitous. 


Fig. 2 .—Blood pressure record Illustrating the value of procain when cardiac hyperlrrita- 
blllty prevents cardiac resuscitation. This dog had a coronary occlusion. Ventricular fibrilla¬ 
tion was Initiated by clamping and declaraplug the aorta. The heart was deflbrillated each 
time that electrical shocks were applied to the myocardium; but each time, paroxysmal ven¬ 
tricular tachycardia (x on the tracing) developed rapidly, leading to ventricular fibrillation. 
FinaUy, while the heart was showing an extremely rapid ventricular rhythm again, and before 
the reappearance of fibrillation, one cubic centimeter of a 2 per cent solution of procain was 
Injected Into the left auricular appendage. Immediately the cardiac rhythm improved, the 
blood pressure came up, and the heart was definitely resuscitated. 





k ■ ftmjri 
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That procain does not prevent fibrillation in every case is the conclusion 
reached by most of the investigators. No one expected that the drug could 
prevent the arrhythmia systematically. It is true also that it happens sometimes 
that after repeated failures while attempting to defibrillate the heart, a final 
electrical shock will prove effective. Yet, it is also true that such a final good 
result is not always obtained if one does not find and take care of the condition 
which impedes resuscitation. The fact that one electrical shock suffices in many 
cases to revive the heart after administration of procain when repeated shocks 
are without effect is so striking that it is hard to believe that such a result is 
purely fortuitous. 

2. Absence of Cardiac Tone .—Sometimes, in spite of cardiac massage and 
intra-aurieular epinephrin injection, the myocardium does not seem to recuperate 
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any tone. It remains dilated and flaccid. In sucli a condition, resuscitation is 
frequently impossible either from cardiac standstill or ventricular fibrillation. 
Prolonged massage is apt to cause bruises of the heart, endocardial ecchymoses 
which secondarily may seriously inipair the cardiac conductivity. Experience 
showed us that barium chloride combined until cpineplirin can help substantially 
to restore cardiac tone. 



Fir. 3.—Blood proMuro record Illustrating- tho value of barium chloride -when absence of 
cardiac tone prevents cardiac resuscitation. This doc had a coronary occlusion. The right 
coronary artery was tied at Its origin. Sixty-two minutes later ventricular fibrillation de¬ 
veloped. Tho heart had no tone. Massage did not help to reatoro it, a» It frequently doe*. 
Eplnephrin and barium chloride (2 c.c. respectively) were Injected Into the left auricular ap¬ 
pendage. This time, cardiac maasairo Increased tho blood pressure, and after the third electrical 
shock, the heart was definitely resuscitated. 


Bancroft and Dixon** found Umt baiinm chloride increases tho force of the 
heartbeat, increases cardiac tone, and, in large doses, causes death in systole. 
Bothbergcr and Wintcrberg** stato that it increases the irritability of tbo heart. 
After tlie administration of 5-10 mg. of barium chloride intravenously, the heart 
could no longer be brought to a standstill by a simultaneous stimulation of the 
sympathetic and vagus nerves, which they say is the case in the normal heart 
Von Egmond*’ demonstrated that the ability of the ventricles to initiate rhythms 
was distinctly increased by the drug. -Wertheimer and Bouiet*' stato that it not 
only increases the cardiac excitability hut that it can also help to prevent 
ventricular fibrillation when used in appropriate dosage. Toumade and 
Marchond,** Toumade and GBaud,” and Mathicu” also studied the action of 
barium chloride on cardiac irritability. 

In our experiments, a solution of 0.5 per cent was used. It should Ire a fresh 
solution. Approximately 1 to 2 c.c. are injected through tho left or right 
auricular appendage. Ouc has to be cautious in tho uso of tho drug. Over¬ 
doses can reduce considerably the amplitude of the systoles and lead to fatal 
results. 

Here is one example showing the value of BnOl, to restore myocardial tone. 

Dog No. 130 45: This animal had a ligation of the right coronary artery at its origin. 
Thirty minntei later, the circumflex branch, of tho left coronary artery wag tied at it* origin. 
Thirty-two minutes after that last coronary ocelnrion, ventricular fibrillation developed spon¬ 
taneously. The blood pressuro at that timo was very low, and tho heart was dilated and 
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flaccid. The extensive deprivation of blood to the heart caused by botli these ligations cre¬ 
ated the impression that resuscitation would be impossible. Cardiac massage did not improve 
the complete relaxation of the myocardium. Epinephrin and barium chloride, 2 c.c. of each, 
were injected separately into the left auricular appendage. The heart was massaged again. 
This time it recovered its tone. After the third electrical shock, tho heart was resuscitated 
in spite of the fact that both ligatures were still in place. (Figs. 3 and 4.) 

In many other experiments, we had similar good results. 





Fig. 4.—Continuation of the last blood pressure record. A. about three minutes after 
resuscitation. J3, seventy minutes after the occlusion of the right coronary artery, and approxi¬ 
mately seven minutes alter resuscitation. C, twenty-four minutes after resuscitation. 


INCREASE OF THE MYOCARDIAL TEMPERATURE 

In certain difficult cases, it happens that one has to apply repeated electrical 
shocks to the heart in hopes that the last one may stop ventricular fibrillation. 
The repetition of these shocks, especially when administered in more or less 
rapid succession, will frequently increase the temperature of the myocardium 
quite remarkably. When such a condition exists, we find that it becomes prac¬ 
tically impossible to defibrillate and resuscitate the heart. Cooling the organ 
with cold saline poured over the surface of the myocardium will in most in¬ 
stances allow restoration of the cardiac activity by the other means generally 
used. The effect is really striking. 

Dog No. £47-45: This dog had a ligation, of the ramus descendens at 2 cm. from the 
origin of the left coronary artery. Twenty minutes later, fibrillation developed. In spite of 
massage, the heart remained quite dilated. Epinephrin and barium chloride were injected 
into the left auricular appendage. The heart recuperated its tone. Yet electrical shocks ap¬ 
plied five times in succession were without result. By that time, the temperature of the 
myocardium was quite elevated, and the heart was at complete standstill, undoubtedly the 
result of tlio high temperature. Sterile ice cubes were placed around the myocardium for a 
short while, and then removed. The heart was massaged again, and one cubic centimeter of 
epinephrin 1:1,000 was injected into the left auricular appendage. One electrical shock 
sufficed to resuscitate the organ definitely (Figs. 5 and 6). 
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PERIl'lIER-VL CIRCULATOKV FAILURE 

Peripheral circulutoiy failure may develop during attempts to revivo the 
heart either from cardiac standstill or ventricular fibrillation. It generally 
happens after long, unsuccessful trials to mnseitate tho organ. Coordinated 
beats have been restored, and they seem to liavo sufficient strength to propol 
blood. Yet, surprisingly, the blood pressure remains at zero or at a very low 
level. Even cardiac massage, in those instances, does not seem to elevate it. 
To correct this condition, intmenrdiae infusions of Ringer or dextrose solutions 
and blood were tried. Blood was found, as it was expected, tho best agent. 
Approximately 500 c.c. of blood aro injected rapidly into the cardiac cavities 
through the left or right nuricular appendage while massaging the heart. In 
mnny cases which seemed hopeless, such a procedure allowed resuscitation. 
When cardiac massage, which previously did not help in re-establishing suitable 
blood pressure, was begun soon after the beginning of the infusion, satisfactory 
olevntion of the pressure resulted and continued when the heart was left work¬ 
ing by itself. 



Fijj. C.—Blood pre«*ure record, llluatratlnc tho value of cold saline or ■torilo Ice cube* 
when Increased myocardial temperature prevent* cardiac resuscitation. This dop had a coronary 
occlusion. Ventricular fibrillation developed. In spite of massage, eplnephnn. and repeated 
electrical shocks it was Impossible to revive the heart. Tho myocardial temperature was very 
much Increased. Ice cubes were npplled on the surface of the heart. Later on. It was pos¬ 
sible to revive tho orsan. 


COMMENTS 

From tiie very beginning of our work in cardiac experimental and clinical 
surgery, tho importance of being familiar with the problems involved in cardiac 
failure and with the methods in nso to revive a failing heart was fully recog¬ 
nized. Tho future of selective cardiac surgery depends to a very largo extent 
on the development of technique subduing most of the serious operative risks 
involved in that typo of surgery. The cardiac surgoon should lie aide to control 
and master tho henrt daring operation. Otherwise, no security ls possible; 
there is always present a feeling of impending disaster, and eventually dramalie 
fatalities can occur. 

Tho skill necessary to operate with assurance and success on the myocardial 
structure can be gained only by considerable knowledge of the anatomy and 
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physiology of the heart, accurate information and experience of many useful 
drugs, and, useless to say, expensive experimental surgery. 

One must not he deceived by audacities crowned with success in traumatic 
cardiac surgery taking care of wounds representing a matter of imminent death. 
Cutler 31 states that surgical therapy in the general field of trauma needs no 
particular defense. It is the only treatment possible. Audacities and lack of 
foresight should not be allowed in selective surgery of the heart. 

In the course of a cardiac operation, the essential accidents which must be 
prevented, or at least controlled, are: (1) hemorrhage, (2) serious circulatory 
disturbances due to unwise manipulations, (3) reflexes of various nature, (4) 
cardiac standstill, and (5) ventricular fibrillation. All these factors can cause 
immediate or rapid death. 



Fig. 0.—Continuation of the last blood pressure record. Approximately forty minutes 
after ligation of the ramus descendens, the blood pressure Is exactly at the same level recorded 
at the beginning of the operation, that Is, ISO mm. Hg. 


Extremely valuable studies on the control of bleeding and reflexes have 
been published by physiologists interested in experimental cardiac work and 
by surgeons interested in both experimental and cardiac surgery. During the 
last two world wars, considerable experience has been acquired in the manage¬ 
ment of bleeding, reflexes, and avoidance of deleterious manipulations of the 
heart while treating cardiac wounds or extracting foreign bodies. It seems that 
now these three important factors of serious complications do not offer the same 
seriousness as in the past, and that they can either be avoided or taken care of 
with an increasing margin of safety. We have performed over twenty-five 
operations on the human heart for nontraumatic conditions. In no instance did 
bleeding, manipulations, or reflexes complicate the intervention or cause death 
of patients. 

One cannot have the same assurance and optimism concerning the manage¬ 
ment of ventricular stoppage and ventricular fibrillation, especially when one 
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keeps in min d that most cases coming for elective cardiac operation have a 
diseased heart or congenital malformation which often lenders the organ a very 
fragile structure. Ventricular stoppage is not as easily controlled in such oases 
as in otherwise healthy young porsons or rugged soldiers. Ventricular fibrilla¬ 
tion is not as easily subdued as in dogs with healthy hearts in which ventricular 
fibrillation induced by electrical shocks is successfully treated by counter-shocks. 

In our experiments on resuscitation, animals with healthy hearts were 
intentionally discarded in investigating the possibilities to revive the heart from 
ventricular fibrillation. In the experiments whore cardiac standstill was in¬ 
duced, obviously the heart had to be damaged in advance. Therefore, it is be¬ 
lieved that the conditions of experimentation wore ns near os possible to those 
found in clinical pathologic conditions. 

Methods of resuscitation already described were used, as well as othors 
which apparently are new. Our results confirm the results of previous experi¬ 
menters on tho value of cardiac massage, epinephrin, and electrical shocks. They 
also confirm their conclusions that members of the cocaino group can aid 
materially in reducing cardiac irritability and, therefore, in helping to prevent 
fibrillation. The use of barium chloride to restore cardiac tone seems something 
new in cardiac resuscitation attempts. The same is apparently true about 
cooling the myocardium. Intracardiac infusions of various fluids and blood 
have been tried before. Recently, and after tho present work had been 
terminated, intracardiac blood infusions bavo been reported as valuable in 
cardiac resuscitation. 

We believe that wc have enough experimental ovidenco by now to show 
that with adequate equipment and a well-planned technique a higher percentage 
of good results can he obtained. 

Every operating room should he equipped with a good automatic respirator, 
an electrocardiograph, a defibrillator, and thee ssential drugs required. 

Aerating the lungs properly is essential. Manipulation of the thorax is 
recognized as essentially unworthy for adequato ventilation. Rhythmic com- 
presion of the rebreathing bag of the anesthetio machine is not a method of 
choico to establish and maintain artificial respiration. Aoration of the lungs 
should bo carried out by an automatic respirator that wjil guarantee proper 
transport of oxygen at a regular rato, known volume and pressure, and for any 
extensive period of time. In some cases, natural and normal respiratory func¬ 
tions take a long interval before reappearing. 

Wo believe that in the near future tho eleetricardiograph will have a 
definite place in the operating room. It is indispensablo during operation 
on the heart for various reasons. Electrocardiographic information is also 
essential during emergencies such as apparent death, especially when that 
liappens while the chest is dosed and, therefore, tho cardiac behavior is unseen 
and cannot he estimated properly by the operator. Tho differential diagnosis 
between cardiac standstill and ventricular fibrillation can be made readily. A 
coordinated rhythm may bo followed by incoordination during attempts to 
revive the heart from ventricular stoppage. The dectrocardiogram will fell 
that immediately. This information is of the greatest assistance in guiding 
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for defibriHation then as exists at the present time, this patient’s life might have been saved. 
The patient had a compression scar on the heart. The scar had been cut through down to the 
heart muscle and was being rolled on the finger away from the heart, using sharp dissection. 
In doing this the descending ramus of the left coronary artery apparently was occluded, 
which produced ventricular fibrillation. Massage and adrenalin were of no value in 
restoration of the normal rhythm. The methods used by the physiologists at that time for 
lefibrillation of the heart were of no practical value. They used potassium salts on the heart 
to get the heart out of fibrillary twitchings. This produced a large flabby heart. Calcium 
salts and adrenalin were then used to restore tone, without success. Then the method of 
shocking the heart, which was first described in 18D9, was reintroduced. This method was 
not successful in our hands. The ventricles went back into fibrillation after the shock was 
applied. To this method we added the use of novocain which could prevent recurrence of 
fibrillation. This method was successful. This method of defibrillation can be applied to 
all those conditions that are of a reversible nature. These are the sudden deaths in the 
operating room from anesthesia, from drugs, from manipulation of thoracic viscera, etc. 

What the surgeon usually does when this condition occurs is to give the patient artificial 
respiration and to inject adrenalin into the heart. Sometimes he will massage the heart by his 
hand. In a few minutes the brain sustains irreversible damage, the heart does not start, and 
nothing further can be done. And when the proper method of defibrillation is carried out, it 
has been my experience that anoxia has already killed the respiratory center before the 
oxygen system can be Te-established. The breathing center must be kept alive if we are to be 
successful. This can be done by mechanical respiration plus massage of the heart. If the 
brain centers are kept alive then the heart can be successfully defibrillated. 1 

DR. EVARTS A. GRAHAM, St. Louis, Mo.—Would Dr. Pauteux tell something about 
the requirements of resuscitating agents with particular anesthetic substances? I understand 
that there is, for instance, a particular danger in producing ventricular fibrillation if one 
uses a combination of adrenalin with cyclopropane. 

There was a very interesting nrticlo pertaining to the question in the American Journal 
of Pharmacology and Experimental Therapeutics, in 1939, by three or four authors, one of 
whom was Orth and another Leigh. They showed in that article that there was a particular 
danger of throwing the heart into ventricular fibrillation if adrenalin is injected in the course 
of cyclopropane anesthesia; however, neosynephrin was a much safer substance to use. 

DR. OTTO C. BRANTIGAN, Baltimore, Md.—I would like to report a rather unusual 
cardiac resuscitation in a 24-year-old white girl. 

Arrest of cardiac motion occurred from no demonstrable cause at the completion of the 
intrathoracic portion of a lobectomy of the upper lobe of the right lung. An intratracheal 
tube was in place and by this means the lungs were kept well inflated with oxygen throughout 
the period of resuscitation. Ordinary massage of the heart was first carried out with only 
twitching of the heart in response. It soon became evident, that the more vigorous manipulation 
of the heart gave better results, since a few beats of the heart were observed when the hand 
was removed from the heart. Finally the hand was forced posterior to the heart and the 
other hand placed over the rather pliable sternum; thus, bimanual pressure and release 
was applied at the full strength of the operator. Each time the hand was removed for ob¬ 
servation of the heart, a few beats would be evident, but arrest of its action would again 
occur. The operator was unable to carry on uninterruptedly, and accordingly was relieved 
by the first assistant. Thereafter pressure and release were carried out alternately by the 
surgeon and the first assistant. 

After about twenty-five minutes it seemed ridiculous to continue, but each time the 
hand was removed, twitchings or a few beats of the heart were evident before complete cardiac 
arrest again occurred. At the end of thirty-five minutes of such vigorous manipulation, the 
heart rather suddenly began to beat spontaneously. The rate of beat rapidly increased to 
about 120 per minute and in a very few minutes the blood pressure was in the neighborhood 
of 80 mm. of mercury. 
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Closure of tho cheat ^vall was delayed for fifteen minutea in order to allow time for 
observation and more conipleto recovery of the heart. The operation was completed and tho 
patient made an uneventful recover)'. Sbo did not develop mcntnl changes nor cerebral 
manifestations of any kind. 

DB. CJLABENCE CBAFOORD, Stockholm, Swederi.—All the cases of pulmonary emboli 
which I hnvo operated on, which number twenty-three, have had heart arrest for a time. 

Tho type of resuscitation which we have used has been novocain In tire pericardium it- 
self, vigorous massage, taking the heart In the hand and squeezing it in about the same 
rhythm ns tho normal heartbeat, and adrennlin 1/1,000 intracardially. In about half of those 
cases wo have had, wo have been able to get the heart going aguin. 

Tho ones who died, all died because of corebral damage, caused by too long a period 
of anoxemia of the brain, not from tho heart itself. 

In dogs I have had tho aorta and tho pulmonary artery damped together at tho hoart 
Imso with n. clamp for as long ns np to twenty-three minutes. Actually, during the time those 
vessels were clamped, we hnd the brain of that dog circulated from another dog lying be¬ 
side it. 

IVc used the tamo type of resuscitation and were able to got heart action again. 

The heart in the clamped dog did not atop completely before from three to six minutet- 
after the clamp was placed. 

I have had dogs living and quito normal, about n year after this operation. 

DR. MERCIEB FATJTEUX, Beaton, Maes.—Direct myocardial stimulation of any kind 
during cnrdinc standstill can provoke ventricular fibrillation ns long as cardiac ischemia still 
associated with an abnormal degree of cardiac irritability exists. Those two conditions, ap¬ 
parently essential for the initiation of ventricular fibrillation during cardiac standstill are, 
indeed, likely to appear in a variablo time, depending mostly on the state of the myocardial 
tissues before cardiac arrest. 

I agree with Dr. Beck that the old methods to revive the heart niter ventricular fibrilla¬ 
tion by administration of potassium and calcium are not practical. 

About tho use of members of the cocaine group to decrease cardiac irritability and pre¬ 
vent ventricular fibrillation, it is an old procedure known as valuable since 1884. It was ad¬ 
vocated by Fran^ois-Franck and used by many others in the past years. 

I believe that any type of general anesthesia, chloroform, ether, ns well as cyclopropane, 
can determine ventricular fibrillation when adrenalin is administered during tho period of 
induction or at any time the patient is under light anesthesia. When anesthesia is deep, the 
drug Is apparently less apt to initiate ventricular fibrillation. These facts Irnve been empha¬ 
sized by Levy and many other workers. The mechanism of fibrillation in such instances is 
apparently still obscure. Probably general anesthotics can have at a certain moment a de¬ 
pressive action on tho conductive system nnd in such a condition cardiac stimulation provoked 
by adrenalin is sufficient to erento hotcrotopic centers loading to fibrillation. 



TWO UNUSUAL TUMORS OF THE STERNUM 


Thomas J. Kinsella, M.D., S. Marx White, M.D., and R. W. Koucky, M.D. 

Minneapolis, Minn. 

T UMORS of the sternum are of rare occurrence. Even in the large clinics, 
the number of cases reported is very small in proportion to other types of 
tumors, with Crile, in 1936, reporting only sixteen from the complete files of 
the Cleveland Clinic, and Maeey and Phalen, in 1943, only fourteen from the 
entire Mayo Clinic experience. The occurrence of two of the rarer types of 
sternal tumors in the practice of one physician within a single year is all the 
more phenomenal with such a background. 

Tumor masses of the sternum may be primarily benign, malignant, meta¬ 
static, or inflammatory in their origin. Metastatic tumors occur most commonly, 
with primary malignant growths next, then the inflammatory masses, and last 
and rarest of all, the primary benign tumors. The task of attempting to compile, 
all recorded cases is a very difficult one because of incomplete reports, inade¬ 
quate descriptions, and confusing pathologic diagnoses. It has been aided very 
materially by the excellent collective reviews on the subject presented previous¬ 
ly by Parham, Heuer, Hedblom, Crile, Sommer and Major, and others. The 
following tabulations of cases of the various types collected from the literature 
will give an adequate idea of the types and relative frequency of each variety 
of tumor. 

METASTATIC TUMORS 

Metastatic tumors are encountered more frequently than any other con¬ 
dition affecting the sternum, and constitute nearly 38 per cent of the reported 
cases. There must be very serious doubt, however, that anything approaching 
a complete recording of all metastatic lesions to the sternum appears in the 
literature. Carcinoma of the thyroid appears to be the most frequent primary 
tumor to give sternal metastases, with twenty-three such cases recorded, while 
carcinoma of the kidney or hypernephroma appears next, with twelve. Both 
of these tumors commonly give pulsating metastatic masses in the sternum 
(eleven of twenty-three carcinomas of the thyroid, and nine of twelve of 
hypernephroma). These are the only sternal tumors, either primary or sec¬ 
ondary, in which expansile pulsations have been described. Nine cases of 
lymphoblastoma, and thirteen of carcinoma of the breast are recorded, until 
only scattered cases from other primary sites. Any portion of the sternum 
may be involved, though the upper segment is affected slightly more frequently 
(manubrium seventeen, sternal clavicular joint nine, entire sternum eight, 
and gladiolus ten times). As might be expected from the nature of the condi¬ 
tions presented, treatment has been rather unsatisfactory; excision operations 

Read (by title) at the Twenty-Sixth Annual Meeting of The American Association for 
Thoracic Surgery, Detroit. Mich., May 29. 30 and 31, 194(1. 
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lmvo not produced rosults to justify the extensive surgical procedure involved, 
and rndintion therapy, except in the lymphoblastoma group, has not proved 
much hotter. 

PRIMARY MALIGNANT TUMORS 

Primary malignant tumors of the sternum appear second in frequency 
to the metastatic lesions, with fifty-two eases recorded. As one would expect, 
the mnjority of theso tumors have been sarcoma of one type or nnother. A 
variety of types of sarcoma lmvo been recorded. Tho eases have Ixtcn almost 
equally divided between the two soxes, with eighteen reported in males and 
sixteen in females. Tho ago distribution has varied from 12 to G9 years of 
age, with a rather even scattering over the various decades, four eases are 
recorded between 12 and 20, four cases from 21 to 30, eight cases from 31 to 
40, eight cases from 41 to 60, six cases from 51 to GO, and one nt tho age of 69. 
The manubrium was involved in fourteen, tbc sternoclavicular joint in one, 
the gladiolus in tliirteen, tho whole sternum in two, and tho xiphoid in one 
pntient. 

Tho records are incomplete in many of the cases. Twenty-six of the tumors 
were treated by resection of a more or less radical type, with twenty recoveries 
and five deaths from surgery. Eight of these patients who recovered from 
tho surgery are recorded as showing recurrence sometime later, with no late 
reports in nine patients. Prom the figures available, it would appear that the 
results presented would seem to justify radical resection on a short-term basis, 
but that late results cannot l>e evaluated from the data nvailnblc. Curettage 
or local oxcision would appear to offor little in a curative way. Two patients 
treated by Coley’s toxins were reported ns improving, but no late results were 
reported. From tho literature reviewed, there would appear to be insufficient 
data to evaluate the results of radiation therapy. 

Among the othor cases of malignant tumor of the sternum reported in 
the literature, there is oue patient with myeloid sarcoma reported by Konig 
in 1882, and a myelosarcoma by Angelescn and Stoia in 1932, a “myeloid 
tumor” which could have been a earciuomn of tho kidney, by Malloizel in 1904, 
an endothelioma, by Macey and Phalen in 1943, a vascular sarcoma or aneurysm 
unconfirmed by operation or biopsy, by Zinninger in 1930 (a pulsating tumor), 
two cases of myeloblastoma, by Macey and Phalen in 1943, and “myeloma,” 
by Turner in 1915, unconfirmed by biopsy operation or blood studies and treated 
by radium with recovery nnd return to work. There hns been but one case of 
solitary plasma cell myeloma reported in 1938 by Scheinker with involvement of 
tho gladiolus. No treatment was givon, the pntient dying soon from a Lnndry’- 
paralysis. 

BENIQN TUMORS OF THE STERNUM 

The commonest benign tumor of the sternum reported in the litornturc 
is chondroma or cnehondromn, of which eleven eases arc recorded. Four of 
these havo been described as chondroma, four ns cnehondromn, one as a vas¬ 
cular cnehondromn, nnd one ns an osteochondroma. An additional case re¬ 
ported by Hcner ns chondroma hns been listed with the sarcomns because of 
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tlio loctnstnscs which appeared within the year. Another patient reported 
by Dudon in 1890 as having eiiehondroma had had a previous operation twenty- 
seven months before, was then treated by resection of the manubrium with a 
portion of the gladiolus with reeovciy followed by local recurrence, which may 
indicate that the tumor was of low-gmdo malignancy. Five were treatod by 
more or less radical resection with recovery, and two by local excision, one dying 
of pyemia ill five days, the other recovering. Two cases were reported by 
Sommor and Major in 1942, one treated by resection was reported free of 
trouble seven aud one-half years later, another treated by local removal was 
iifcowise well four years later. No late results arc available in the other cases. 

A series of six tnmol's was reported by Bardenhener in 1885 as “fibroid 
tumors” of fho manubrium, treated by radical resection with fonr recoveries 
and two deaths. No pathologic diagnoses were given and no late results reported. 
Other cases recorded include two eases of cyst of the sternum, one listed as a 
congenital serous cyst and one as a dermoid cyst, and a case of Von Reckling¬ 
hausen's disease involving the sternum reported bv Gougorot and Meyer-Heinc 
in 1935. From these reports it would appear thal benign tumors of the sternum 
may be treated by resection with satisfactory results without undue danger. 
As a considerable number of the reported cases of resection wero done years 
ago before modem thoracic surgery developed, the results must be considered 
excellent, and even better may he expeetd under modem handling. 

INFLAMMATORY MASSES 

There are thirty-three instances of inflammatory masses involving the 
sternum which wo have collected from on incomplete review of the literature. 
These have been derived from a number of causes, including acute and chronic 
osteomyelitis, tuberculous osteomyelitis, gumma, acute abscess, and, more re¬ 
cently, eosinophilic granuloma. In addition to this, echinococcic involvement has 
been reported with increasing frequency (thirteen cases). A report by Bauer 
in 19.12 mentioned four cases of sternal involvement among 243 cases of lxmo 
involvement with echinococcus cyst. Pnsqiinle, iu 1930, reported nine cases 
among 406 additional bone cases of echinococcus disease. Sinberg, in 1936, 
reported n patient treated by drainage with recovery. Inflammatory lesions 
of the sternum are not likely to ho confused with tumor if a careful study of 
the condition is made. Drainage bad been carried out in a number of instances, 
with resection in others, even in tuberculous osteomyelitis. 

Cask 3.—A. a K., aged 33, was first seen on April IS, 3045, complaining of n growing 
lamp on his breastbone. Ilia post history was entirely negative except for n tonsillectomy 
in 1041 find a cholecystectomy in November of 3043. Ho had been perfectly well until 
Into August, 3044, when, while pitching in n gnme of softball, ho was struck over tho 
sternum by n lino drive. He stated tlmt the blow hart at the time but tluit tho skin was 
not broken, there was no disability, and lie continued pitching that game and pitched another 
Inter the same afternoon. lie then forgot about tho incident until sometime Infer, perhaps 
in late October, when he first noticed n lump appearing over the body of the sternum. This 
increased slowly in size until January, 3045, following which it seemed to grow more rapidly. 
At times tho lamp was somewhat fender, but there was no spontaneous pnin except occasion- 
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ally when coughing. Tboro had been no other symptoms and Ids general health Imd been 
good. There has been n slow, steady gain in -weight. 

Physical examination revealed a well-developed, well-nourished adult whito mole, 0 
foot 1 Inch tall, weighing 170 lb. The temperature was normal, the pulse 70 and the blood 
pressure 122/70 ram. mercury. The thyroid showed a small, firm nodule in tho right lobe, 
bat no signs of hyperthyroidism. Tlio chest and heart were negativo excopt for the find¬ 
ings in the sternum wliicli presented a raised, slightly irregular, nodular promincnco of a 
bony consistency occupying the entiro gladiolus, measuring 5 by 12 cm., and raised 1.5 cm. 
abovo tho normal sternal lcroL Tho overlying skin showed no change and was not adherent. 
There was definitely no pulsation present, and no bruit or thrilL The abdominal findings 
wore negative except for a right upper rectos scar. 

The hemoblobin wna 15.G Gm. (02 por cent), erythrocyte count 4,050,000, leucocyte 
count 7,100, polymorphonuclear leucocytes 03 per cent, lymphocytes ID per cent, monocytes 0 
por cent, eosinophiles 8 per cent, and bnsophiles 1 per cent. The sodimontation rate was 7 mm. 
Tho blood complement fixation test for syphilis was negative. The blood phosphorus was 4.18 
rag. per cent and tho blood calcium was 10.53 mg. per cent. Tho coagulation time was 8 minutes 
and 30 seconds, the bleeding time 3 minutes and 10 seconds. Blood grouping was group 
IV (O), Bh positive. The urine specimen showed a pH of 0.6, speeiflo gravity 1.020, 
albumin and sugar negativo, one epithelial cell and one leucocyte per high power field micro¬ 
scopically. Examination of the urine for Bence-Jones protein was negativo. A twenty- 
four-hour urine specimen, 1,0S0 e.c., showed 18.00 mg. phosphorus per 100 c.c., total phos¬ 
phorus 857.89 mg. por 24 hours, calcium 13.42 mg. per 100 c.c. and total output of cal¬ 
cium 205.72 mg. per 24 hours. 

X-ray examination of the chest on May 3, 1945, revealed tho diaphragm, heart, and 
mediastinal shadows os normal and the long fields clear. X-ray films of the ribs, skull, 
and both wrists showed no evidenco of destructive bone lesion. X-ray films of the sternum 
made in obliquo and lateral positions and plnnignuns show a rather marked irregularity in 
outlino of the body of the sternum, tlicro being loss of tho trabecular pattern which appears 
to be replaced by a homogeneous type of density which is rather markedly redncod from 
the normal. Tho findings, theroforo, suggest some type of tumor of the body of tho ster¬ 
num, which has largely infiltrated tho entire bony structure, has produced rather marked 
decrease In the density as well ns the trabecular pattern, and has produced an irregularity 
in outlino, especially along tho medial margins. The findings suggest somo type of cystic 
tumor which is apparently of a destructive nature. 

A tentative diagnosis of primary benign giant cell tumor of tho sternum was made. 
Sevorol diagnostic possibilities were considered beforo this diagnosis was reached. Multiplo 
myoloma was excluded on tho basis of the patient’s ago (33), the absence of involvement of 
tho ribs and skulk the character of tho tumor itself with an intact bone shell and tho bony 
sopta extending through it, and tho absence of Bence-Jones protein in the urine. Tho possibility 
of this lesion boing a manifestation of osteitis fibrosa cystica of parathyroid origin was 
Hkowise considered, because of the palpable mass in the thyroid. This was ruled out as a 
pjobablo diagnosis by tho normal x-ray of the ribs on both sides, the normal blood calcium 
and phosphorus values, nnd the normal urinary calcium and phosphorus, A thorough search 
was made for other primary tumor sites, including the kidneys, without finding a primary 
tumor from which this could bo metastatic. The possibility of a primary malignant tumor 
was likewise considered, but the x-ray picture of tire intact bony shell and lack of evidenco 
of local Invasion were considered to favor a benign growth. Excision of the involved por¬ 
tion of tho sternum, therefore, was recommended. 

The question of tho advisability of removal of a biopsy specimen wns considered but 
rejected on the ground tlmt a delay would be entailed, following tho biopsy I>y tho neces¬ 
sity for decnlclflcation nnd preparation of the material for study, that it seemed inadvisable 
to break the apparently intact shell of tho tumor mass, and because tho same contemplated 
procedure would be carried out in apito of the biopsy report. The operation was, thero¬ 
foro, planned ns a total exdslon of the involved portion of tho'sternum with adjacent carti¬ 
lages, and because of tho sire of tho tumor and tho wide defect which would be loft, re¬ 
construction of a stable chest wnll at conclusion of the operation wns decided upon. 
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Before undertaking this extensive resection of the sternum, considerable thought was 
given to the problem of stabilization of the chest wall and the necessity for this in a young, 
healthy, robust individual of very active physical habits. Certainly a chest wall defect of 
the size produced by excision of this tumor would leave a large defect which, if ‘unrepaired, 
though covered by skin and subcutaneous tissue, would permit rather violent paradoxical 
motion of the underlying pleura and mediastinal structures, particularly under effort, and 
would afford no bony protection for the underlying heart and great vessels. Both of these 
would be a distinct handicap and hazard to a young man leading an active life. Partial 
sf abilization of the defect by a massive fascial transplant was considered but rejected as 
inadequate to provide the desired stability. The possibility of providing a pad and metal 
plate to protect this area was likewise rejected as unsatisfactorily. 

The desirability of providing bony support to this portion of the chest was appreciated. 
The possibility of using rib for reconstruction of the sternum was considered, but realizing 
the difficulties of fitting the curved pieces in such a manner as to provide immediate as well 
as late stability, it was considered undesirable except as a source for bone chips later used 
in the reconstruction. A tibinl bone graft was decided upon as the best source of bone 
which could be fitted accurately and fixed to give the desired support immediately, as well 
as to provide a scaffold to which new bone could become attached, in spite of the extra 
operating time which would be required in procuring and shaping it to the desired pro¬ 
portions. The use of a second operating team to carry out this work simultaneously with 
the work would have aided very materially, but during wartime this was not available, so all 
the work was carried out by one surgical team. The type and character of the reconstruction 
are best illustrated by the schematic drawing, Fig. 5, Plate I. 

OPERATIVE PROCEDURE 

The operation was carried out on May 4, 1945, at St. Mary's Hospital with the patient 
under pentothal-etliylene intratracheal anesthesia administered by Dr. "William A. Friend. A 
wide segment of the left posterior ninth rib was resected subperiosteally and the bone saved 
for future use as chip grafts. The wound was closed and the patient turned onto his back. 
The right shin was prepared, and from the anterior tibial surface a large bone graft 2 cm. 
wide and 25 cm. long was removed with - an electric saw, and preserved in a sterile manner 
for future use in reconstruction of the chest wall. A long, transverse incision was made at 
the level of the third interspace anteriorly extending from the left to the right nipple line. 
The skin flaps were dissected up to expose the sternal mass from top to bottom. 

A vertical incision was then made in the midline through the fascia of the pectorals, 
and this fascia and the pectoral muscles were dissected off the tumor mass and retracted 
laterally. A piece of the fourth costal cartilage on the right and the left sides was then 
resected subperichondrally, and the posterior perichondral bed was incised to admit the 
finger for dissection of the pleura from the mass and the chest wall beyond the margins of 
the sternum. The costal cartilages of the second to the seventh ribs on both sides were 
then cut parallel to the border of the sternum about 2 cm. lateral to the tumor. In doing 
so, the inter nal mammary vessels were injured on both sides, necessitating ligation. By 
finger dissection, the posterior aspect of the manubrium was freed and found to be without 
tumor involvement above the manubriostemal junction. A Gigli saw was passed underneath 
the manubrium, which was then cut across about 2 cm. above the tumor. 

The tumor mass was then freed carefully by finger and gauze dissection from the 
underlying pleura, and retracted toward the left. In so doing the right pleural cavity was 
opened and a small pneumothorax developed. This leak was controlled by digital pressure 
until the right pleura was completely free from the tumor, when the lung was completely 
expanded by the anesthetist and the pleural defect closed with a fine chromic catgut suture on 
an atraumatic needle. Dissection of the pleura from the posterior aspect of the tumor was 
somewhat difficult, as the pleura was quite adherent, although there was no evidence of 
invasion of the tumor beyond its shell. "With the right pleural cavity closed, the dissection 
was then carried toward the left where the tumor was freed from the left pleura, but in so 
doing the left pleural cavity was also entered in one small area. Following the removal 
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of tho tumor Uie left Jung wns expanded by the anesthetist and the pleumi defect was dosed 
in a manner similar to tlint used on the right. After removal of tho tumor moss we were 
confronted with a large anterior chest wall defect tlirough which the respiratory and peri¬ 
cardial activities were qnito marked. 

Tlie stability of the chest wall was then re-established by using the tibial bone graft 
previously romovod in tho following manner. Tho excised bono graft was split lon g ita dinn l- 
ly with a motor saw, leaving ttro strips, each 1 cm. wido, which were then cat to the desired 
length to reach from tho lower end of the cut manubrium to the severed seventh cartilage 
and xiphoid below. These were fitted to either side of the defect in vertical position and 
marked across at the level of each cartilage. Two holes were then drilled through each 
vertical bone graft in a position to correspond to each cartilage as well as to the manubrium 
at the nppor end. The bono plates were then pat into position and fixed to the manubrium 
above and to eaeh abutting cartilage with mattress sutures of chrome wire. Two cross 
pieces of tlio bone were then fitted tranyversoly between tho vertical two aa the rungs of a 
ladder, and wired into position at the levels of tho third and fifth anterior cartilages. This 
afforded a rigid ladderwork and gave a perfectly stable chest. 

Tho mediastinal structures posterior to the ladder were then approximated to it with 
Interrupted chromic catgut sutures in order to obliterate the dead space. All remaining 
pieces of tibial bono os well as the excised portion of the ninth rib were then cut up into 
fine bits which wore sprinkled loosely into the defect between the ladder, and 2# Gm, of 
sulfanilamide were sprinkled over this area. The poctoral muscles and faaica were then 
approximated at tho midline by a series of interrupted and continuous chromic catgut 
sutures and the fascial layer pulled down to tho bono ladder by transfixing it with tho long 
ends of the catgut sutures previously used to bring up tho mediastinal structures against 
the posterior aspect of the ladder. A needle was then inserted through the muscle flaps, all 
air was aspirated and 100,000 units of penicillin in saline solution were injected. Tho skin 
flops wore then brought down, the subcutaneous fascia closed with interrupted plain cat¬ 
gut sutures and the skin with a running dermal suture. A small pad was placed over the 
incision and a small aluminum splint strapped down over the stornal region with broad 
straps of adliosivo in order to obliterate all dead space. 

Tho patient tolerated the procedure very well and was given 3,000 c.c. of blood, 250 
cc. of plasma, and 400 c.c. of normal saline while on the tabic, and was returned to his 
room with n blood pressure of 110/85 mm. mercury. Ilis postoperative condition uas quito 
satisfactory. During the first three days there wns some febrilo reaction duo to sputum 
retention which was relieved by spontaneous cough. There was somo ooiing from the site 
of the tibial graft. Healing occurred by primary Intention in all wounds except for ono 
small area of skin necrosis apparently from interruption of tho local skin blood supply in 
distorting the flaps. The patient wns continued on penicillin for thirteen days with a total 
of 080,000 units being given. Sulfadiazine wns also administered for a period of nine days. 

Ho wns discharged from the hospital on the twenty-seventh postoperative day, ambula¬ 
tory, on crutchos, with a short leg braco fitted to tho right lower extremity to protect this 
member from fracture beenuso of the weakening produced by tho very large bono graft 
which was removed. The chest wall was stable from tho start and has remained so with 
no evidence of paradoxical chest wall motion. Tho patient was oblo to cough and expecto¬ 
rate spontaneously from tho day of operation although there was considerable associated pain. 
While subsequent x-rays showed a breaking of a number of the wires used in tho recon¬ 
struction of tho sternum, the bone transplants remain oil in place and apparently served 
their purpose. The short leg brace was worn for twelve weeks as a precautionary measure. 
Tho patient resumed his activities almost at once, returning to full work within three months 
of the timo of his surgery, thon taking up flying and acquiring a private flying license 
within six months of his operation. He has remained in good health carrying on activities 
of all types. 

Pathological report. —Grossly, the specimen consists of a tumor mass In the body of 
tho sternum. Tho tumor measures 2*4 inches in width, 2*4 inches In thickness, and is 
5 inches in longth. The tumor Is a uniform oval mass with almost no lobulation. A thir 
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Plate I.—A. C. K. Aged 33. Benign giant cell tumor of the body of the sternum 
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Fig. 1.—Preoperative 
tumor mass. 

Fig. 2.—Lateral x-ray 
film ot tumor. 

Fig. 3.—Oblique x-ray 
Him of tumor. 
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FlE . 5 .—Drawing of re¬ 
construction of the aternum by 
tiblal bone graft and none 


chips. 

Fig. 6 .—Late 
tlve lateral x-ray 
structed sternum. 
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Plato II.—A. C. K. 



Flp. 1.—Photograph, lateral view 
of lesectcd tumor. 

Fig. 2.—Sternal tumor split 
longitudinally. 

Fig. 8.—Postoperative photo¬ 
graph of chest one year following 
Kiirgcrj. 

Fig. 4 —Photomicrograph of be¬ 
nign giant cell tumor of the atomum, 
!v.\v powci. 

Fig. 5.—Photomicrograph of be¬ 
nign giant rell tumor of the sternum, 
a uh ;>ower. 



Flff. 4. 


Fig. 3. 
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shell of bone, averaging about 3 mm. in thickness, forms a capsule for the tumor. No perfo¬ 
ration through this shell of bone can be found. The tumor is solid, firm, and pink in color, 
and has a fibrous texture. 

Microscopic examination shows that the tissue is almost entirely fibroblastic in struc¬ 
ture. Imbedded in the fibrous matrix are large numbers of giant cells. There is no 
suggestion of malignancy. Dr. H. T. Bell and Dr. A. C. Broders independently interpreted 
the tumor as a benign giant cell tumor. 

This diagnosis was subsequently certified by the Tumor Registry of the American 
Institute of Pathology, AIP Accession § 168780. 

Late postoperative x-rays of the chest on July 13, with detail films of the region of 
the sternum and films of the right leg showed a linear defect in the middle and proximal 
third of the tibia, extending slightly into the distal tliird and representing removal of a 
large segment of the anterior portion of the tibia for transplant into the region of the 
sternum. There was evidence of new bone formation at the site of the removal of the bone 
from the tibia, where a partial rconstruction had taken place and there was no evidence of 
any complication at the site of the tibial resection. Two linear fragments of bone were 
demonstrated in the somewhat Y-shaped position in the region of the sternum, with two 
smaller crossbars shown in the upper and lower portions of the sternal region. ' Multiple 
wire loops were shown in this region with some of these apparently connecting the larger 
transplant to the costal cartilages while others connected the crossbars to the main trans¬ 
plant. Some of these wires had been broken. There was some overlapping of the cross¬ 
bars over the main transplant; the wire loops had become disengaged. A lateral film, how¬ 
ever, showed good alignment of the transplant in this direction. It was impossible to 
determine the amount of new bone formation. Partial resection of the left ninth rib wns 
demonstrated. The lungs were otherwise clear. 

An extensive search of the literature and a review of collected series reveal 
authenticated reports of giant cell tumors involving many bones of the body, 
but thus far we have been unable to find any mention of giant cell tumor 
involving the sternum. It may be that this is the first authenticated case of 
giant cell tumor of the gladiolus sterni. The question may now be raised that 
had we known that this was a benign giant cell tumor of the sternum, should 
we have treated it by x-ray, by curettage, or by resection ? These questions were 
debated before the surgery was undertaken. It was then and it is now our 
opinion, that in this instance surgical excision and reconstruction of the sternum 
would be a far more satisfactory answer to the problem than either of the other 
methods. With the uncertainties of diagnosis which were present at the time, 
it presented a veiy satisfactory answer to the problem. 

Case 2.—G. N. D., aged 60, a white man, president of a department store, was first 
seen in consultation Feb. 15, 1946, with Dr. S. Marx White because of a tumor mass involving 
the manubrium sterni. His past history was negative except for a slight chronic arthritis, 
during the study of which some dental apical abscesses and a mild, chronic, nonspecific pros¬ 
tatitis were treated as possible foci. For a number of years he had also had moderate, rather 
labile hypertension without symptoms. 

Present complaint .—For the previous two years there had been a gradual development 
of a rounded, projecting tumor mass from the manubrium sterni, which the patient thought 
was due to coughing. There was no history of trauma and no pain or tenderness. The 
growth was slow and gradual for the first ten montlis with slight if any growth since that 
time. There had been no weight loss. The tumor was beginning to interfere with bending his 
head forward and with the fit of his shirt collar. 

Physical exa mina tion revealed a well-nourished, well-developed adult white man present¬ 
ing no abnormality except for hypertension 206/106 mm. of mercury, with n corresponding 
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Blight cardiac enlargmcnt. Ilia hypotension was not constant, ns at times the pressure mas 
found ns low as 170/90 mm. of mercury. There was a smooth mnss about S cm. in dlnmeter 
projecting antoriorly from tho manubrium sterni. It was bony hard in character nnd ftred 
in position. There was no pulsation, no tenderness, and no skin change. The skin ana sub¬ 
cutaneous tissues moved freely orer i*. The clavicles nnd sternoclavicular joints apparently 
Trore not involved, nor was their motion restricted. 

Tho hemoglobin was 32 Gm., r.bite blood cells $,250, with G7 per cent polymorphonuclear* 
HI and 2 per cent polyraorphonucloura II, 26 per cent lymphocytes, 4 per cent mononuclears, 
and 4 per cent eosinaphiles. The bleeding time was one minute and fifty seconds. Tho blood 
calcium was 7.00 mg, per 300 c.c. on Jan. 1 j, 1040, and 8.9 mg. on January 30. Tho blood 
phosphorus was 2.0 mg., blood phosphatase 2«j mg., nnd the total protein S.6 Gra. per 300 c.c, 
of blood. Urinalysis revealed a pH of 7.2, specific gravity of 1.014, albumin two plus, sugar 
negative, two to three leucocytes and one t-> cfuce red blood cells per high power field on one 
examination, but none subsequently. There were no casts present Examination for Bence- 
Jones protein showed a questionable faint trace on one examination, but four subsequent 
tests wero negativo. 

X-ray films of the chest showed in :'*■« i b rnchov iscqIdi markings throughout of a 
diffuse typo suggestivo of broncUtin, Yriui some calc.fixation of the aorta. There was a 
, slight cardiac enlargmcnt of n hypertonsb e +ypc The r\*\» presented no evidence of disease. 
X-ray examination of tho sinuses revealed that the r t .strum was cloudy and the right fron¬ 
tal sinus soraowhat hazy. The skull showed no eviden-e or ! one destruction but there was a slight 
granular appenrnneo with unoven calcification .? r t l *'t»\' some disturbance of tlie cnlclum- 
phosporus metabolism. X-ray studies of the t... • .icv.rd same phloboliths on both sides 
with alight posalblo increased density in tho b;r.cs or* .he r ght sida An x-rny film of the 
knee was negative. Intravenous urogram-; shoneboth kidneys, pelvis, and orators woll visu- . 
alixed, nnd they appeared to bo entirely normal '1. r calices of both kidneys were eome- 
wliat olongnted, but this appeared to be on a cone-'nitai oasis and did not suggest renal 
tumor. The spine showed a fairly marked hypertrophic ..rtiiritic ehango and a slight scoli¬ 
osis of the lumbar spine toward tho left. 

‘ Roentgenograms of tho sternum in multiple views takon in tho obliqno and lateral pro¬ 
jections showed a multiloculated, expanding tumor involving the manubrium, without involv- 
mont of the body of the sternum. Tho normal pattern of the manubrium was replaced by a 
cystic typo of pattern with multiple irregular linos of density which apparently represent 
the outlines of small cysts. The manubrium was expanded both in the mediolntcral and an- 
terior-postorior direction, but apparently tho outer margins of the manubrium wore not 
destroyed. The findings indicated a maltilocalnted, cystic type of tumor expanding the manu¬ 
brium but without definite destruction of any of the vertical margins. 

Tho diagnostic problem hero was not simple. Because of the slow growth and apparently 
static course in recent months, a benign tumor "was suspected. Careful clinical search revealed 
no primary tumor olsewhere which might give rise to me tost use a to the stornum. There were 
no nodules in tho thyroid glxind and urograms revealed no evidence of distortion or displacement 
suggestive of renal or adrenal primary tumor. In addition, tho tumor did not pulsate. Tho 
possibility of myeloran was considered, bnt it was felt that tlio slow progress of tho tumor 
Was against this, and the negative findings in the ribs, skull, and other bones was definitely 
against such n diagnosis. Tho absence of Bence-Jones protein in repeated examinations of 
urine was also against such a diagnosis. There also was the fact that the x-rny studies re¬ 
vealed evidence of bone deposit nt the periphery of tho tumor rather than complete destruction 
of tho areas involved. The possibility of hyperparathyroidism was nlso considered because of 
Hie somewhat cystic nature of the tumor suggested by the x-rny studies, but the norma! blood 
calcium and phosphorus values were considered to rule out such a condition. T\o felt, there¬ 
fore, that we were dealing with a primary tumor of the sternum nnd that its local character¬ 
istics and duration definitely favored a benign type of tumor. With the tentative diagnosis 
of benign neoplasm of the manubrium sterni, surgical excision was recommended. 

Preoperatively, considerable thought was given to the necessity or desirability of pro¬ 
viding gorao reconstruction for the portion of sternum and inner clavicles which wc planned to 
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remove. This could have been accomplished rather easily by the use of bone graft fitted 
to rebuild the manubrium with a transverse piece above interposed between the two resected 
clavicles. It was decided, however, that the amount of handicap which will follow resection of 
the manubrium without reconstruction would not be gTeat because of its relatively small size, 
and that fixation of the clavicles to each other without an intervening joint could well provo 
a far greater handicap to the individual than leaving the inner ends entirely free. Recog¬ 
nizing that arm and shoulder motion can be quite adequate without the clavicles, it was 
decided to make no attempt at fixation of the inner clavicle, relying upon the lateral in¬ 
sertion of the sternocleidomastoid above, the pectoral muscles below, and the subclavius under¬ 
neath to stabilize the inner end. The correctness of this judgment has been borne out by the 
lack of handicap or embarrassment and a satisfactory arm and shoulder motion presented by 
the patient during the year following his operation. 

OPERATION 

On March 7, 1946, under sodium pentothal, nitrous oxide oxygen anesthesia with 
curare (administered by Dr. R. T. Knight) with the patient in dorsal recumbent position, 
a long transverse incision was made at the level of the third rib extending from nipple line 
to nipple line. The skin and subcutaneous tissues were reflected upward and downward as 
flaps. A vertical incision was then made in the midline through the pectoralis fascia and 
muscle, which were separated by cutting them a short distance from their origin from the 
upper sternum and retracting them laterally. A segment of the inner end of the right and 
left third cartilages were then resected subperichondrally. The perichondrium was then cut 
across and by finger dissection the posterior aspect of the sternum was dissected free across 
the midline at the level of the second interspace. A Gigli saw was passed through this 
area and the sternum was cut transversely at the lower end of the second interspace. Dis¬ 
section was then carried upward underneath the sternum separating the mediastinal tissues 
from their attachment to the tumor. The posterior aspect of the tumor was somewhat 
nodular and hard but there seemed to be no infiltration into adjacent tissues. The internal 
mammary vessels were ligated on both sides, and the second and first cartilages were freed 
and cut across with a laminectomy shears because of calcification and a bony shell which 
extended out, particularly over the first. 

The sternal and a portion of the clavicular attachment of the sternocleidomastoid was 
then separated, leaving some muscle attached to both bones. The inner 3 cm. of the right 
clavicle was then cut off with a Gigli saw, leaving it attached to the tumor mass. The 
tumor was then rotated to the left, the sternothyroid and sternohyoid muscles on both sides 
were clamped and cut close to their attacliment to the sternum, and the left clavicle, the 
first and second cartilages were treated in a manner similar to the right. Very small leaks 
were created in both pleurae but the lungs were kept well expanded at all times. All visible 
defects in the pleura were sutured with fine catgut on atraumatic needles but minute leaks 
still persisted. As there appeared to be no excessive motion of the mediastinal structures 
and because of the small size of the defect, it was-decided not to reconstruct the sternum. 

After control of all bleeding, the pectoral muscles were approximated across the 
midline with interrupted, followed by continuous, chromic catgut sutures, and the cervical 
fascia, and the lower ends of the sternocleidomastoid and prethyroid muscles were sutured 
down to the upper edge of this approximated muscle. A small catheter was inserted through 
the muscle and into the mediastinal space, all air and fluid aspirated, and 100,000 units of 
penicillin instilled into the wound. The skin flap was then brought down and tacked to the 
underlying muscle, the subcutaneous fascia closed with interrupted plain catgut sutures, and 
a lock stitch of dermal suture placed in the skin. A small drainage catheter was left in place 
under the skin flap for aspiration of fluid as it formed and a pressure dressing was applied. 
The patient tolerated the extensive procedure very well. He received 2,000 c.c. of blood on 
the table and was returned to his room in good condition. 

His postoperative condition and hospital course was quite uneventful except for some 
sputum retention and local atelectasis which developed on the third day and was relieved by 
the use of steam inhalations and hammer percussion over the involved lobe. Sulfadiazine and 
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penicillin wor 0 continued postoporahvely foi seven days. Tho wound healed without difficulty 
except for a email accumulation of serous fluid under the lower flap which was aspirated on 
three occasions postoporativoly, A pressure dressing was maintained nuder adheaive strapping- 
for tlio first week and was then discarded. Free arm motion was permitted from the start and 
tho patient was oncourngcd to movo ubejt and do things by himself. A high back rest was 
used after tho first twenty-four houis and actnc leg exercises were dono from the beg inning . 
The patient was permitted to git up on the third day, and nos out of bed on the fifth day in 
a chair at the bedside. "We then encouraged him to roovo about and walk, which he did dally 
until his discharge from the hospital on Lis truth postoperative day. Ho resumed his active 
work at the office in approximateIv $ mouth fion> the time cf his surgory and within two 
months was driving hie car and canviag on a' 1 , et Inn usual activities. Immediately post- 
opcmtivcly, and for tho first few wee 1 after the surgery, thirc vae considerable induration 
in tho region previously occupied by * : >c ir.am ,, ’iiu:n and inner claviclo, giving a firm chest wall 
and little or no motion. Gradually, hovrovx* i> infiltration flow operative manipulation, 
end suturing subsided, tho tissues noaiiv : a moderate nmount of pulsation and 

paradoxical motion could bo obsorwd. but ii no turn was this distressing or disturbing. 
There was no tondency for the head to lv pulW furvnrd b> the shortened sternocleidomastoid 
or prothyrold muscles, nor to drop b.wLw.ird be» , i.u>»e of any laxity of these muscles. No 
support was provided for the shouiden u< any fin.', nor was any necessary, as no disability 
or instability resulted from resection of the inner riatielea 

Tathologio Jteport .—Grossly tin. *p*>i im- n iM:i«i*ts vf tho manubrium of tho sternum, 
about 2 cm. of tho adjacent ends of rhe chirmica, and a tliin Migment of the body of the 
sternum. Tho manubrium is expanded by a roughly oval tumor which measures 5% by 8 cm. 
and is 4 cm. in thickness. There ifl a thiu d.ell of l»one over the tumor and In small areas the 
bono is entirely destroyed and the tumor is restrained only by periosteum. There is no direct 
infiltration into the adjacent tissues and no tumor i** visible in the short segments of tho 
clavicles. The surfnee of the mass is slightly tabulated. Tho intorior is soft, solid, and can 
bo disintegrated readily between tho flngors. The tumor is irregularly mottled by reddish and 
whito arena. An occasional spicule of bone remain* in the interior. 

Microscopic study shows extensive necrosis and disintegration by hemorrhage. The 
viable tumor Is very vascular. There is a loose, spongy, fibrous stroma and the spaces are 
.filled with cells having striking uniformity. The cells ore cubofdnl and have prominent nadal 
without mitotic figures. Borne nuclei nro eccentric. 

This diagnosis of myeloma was subsequently verified by Ur. E. T. Bell, Dr. A. C. Broders, 
and Dr. E. Schleleher. Enter this diagnosis was certified by the Tumor Eegistry of the 
American Institute of Pathology, Accession No. 108709, as a solitary plasma cell myeloma of 
the sternum. Clinically there would appear to be sufficient evidence to classify it at loast 
temporarily os a solitary myeloma. 


DISCUSSION 

In retrospect, several interesting 1 questions present themselves: (1) Could 
this tumor have been diagnosed as myeloma preopcrativelyT (2) What addi¬ 
tional evidence could have been obtained to aid in diagnosis? .(3) Should 
it have been excised? (4) Should a reconstruction of the sternum been carried 
out? (5) Is this tumor merely a precursor of multiple myeloma? 

Tho possibility of myeloma was considered before surgery was undertaken, 
hut was ruled out by the long course, the presence of some hone proliferation 
at tho periphery of tho tumor, the absence of lesions at the favored myeloma 
sites, that is, skull, pelvis, and ribs, and the absence of Bence-Jones protein in 
the urine. He presented none of the six cardinal diagnostic points listed by 
Qeschickter and Copeland as suggestive of multiple myeloma, except his age. 
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Plate III.—G. N. D. Agree! (id. Solitary plasma cell myeloma of manubrium. 



Fig. 1.—Preoperative 
photograph of tumor. 

Fig. 2.—Oblique x-ray 
film of tumor showing 
trabeculatlon and Intact 
.peripheral bony shell. 

Fig. 3.—Lateral x-ray 
aim of tumor. 

Fig. 4.—R e s e ct e d 
manubrium wiih attached 
inner ends of clav.cies. 

Fig. 5.—Hanubr.um 
split longitudinally show¬ 
ing interior of tumor and 
intact sternum below. 
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Biopsy of the tumor certainly would have established the diagnosis, but 
was not done because we did not wish to risk dissemination of an apparently 
localized process. A sternal bone marrow biopsy might possibly have given a 
clue, but this is very doubtful at the stage seen. The bone marrow of the 
clavicles revealed no evidence of myeloma. The blood bank records show that 
considerable difficulty was encountered in preparing blood for transfusion for 
him because of pseudoagglutination. His serum agglutinated cells from all 
donors, and also his own cells both in the cold and at 37°C. No abnormal 
cells were observed in the blood smears. The total blood protein was 8.6 6m. 
per cent, but no fractionation was done. The sedimentation rate was not 
recorded. 

The advisability of resection under the circumstances cannot seriously be 
questioned. For benign and primary malignant tumors, primary resection 
was certainly the procedure of choice. The tumor itself was producing trouble 
enough to justify its removal. Even for a known, apparently solitary myeloma 
of a site suitable for complete excision, operative removal would seem to be 
the logical method of attack. 

Reconstruction of the excised manubrium and inner clavicles was not 
carried out on this patient. The loss of the inner clavicles has been no serious 
handicap, as orthopedic surgeons have known for some time. Stabilized above 
by the clavicular insertion of the sternocleidomastoid, below by the pectorals, 
and posteriorly by the subelavius muscles, the free ends do not project unduly, 
or have excessive motion on exertion. There has-been no tendency for the 
shoulders to drop forward, and shoulder braces, as advocated by some, have 
been unnecessary. 

Soon after the operation, induration in the area of the resected manubrium 
gave a firm support to the soft tissues covering the underlying pleura and 
vessels, so that no unusual motion occurred. Subsequently, with absorption of 
the inflammatory reaction, increasing motion appeared with inspiratory re¬ 
traction and bulging on straining, which, though not a handicap to a man 
of his age and occupation, could have been a hindrance to a young man per¬ 
forming active physical labor. Reconstruction could have been accomplished 
with a fascia lata transplant, or better by a bone transplant with suture of the 
cervical fascia to the bony framework. 

The question may well be asked if this tumor is truly a solitary myeloma 
or merely a local tumor, a precursor of multiple myeloma. Only time will 
answer this question. To date, one year after resection and three years after 
onset of the tumor, the patient enjoys good health with no complaints of any 
sort suggestive of generalization. His urine still remains negative for Bence- 
Jones protein, and blood specimens reveal no abnormal elements. X-ray 
studies have not been made. Two abnormal laboratory findings, neither clearly 
diagnostic but either suggestive of some disturbance, have been recorded. The 
sedimentation rate is extremely fast, 122 mm. in one hour, with the serum 
albumin-globulin ratio disturbed, serum albumin 4.116 and serum globulin 
4.204 Gm., though the total protein level falls within, normal limits. Their 
true significance is unknown. 
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Opinions differ widely on the problem of solitary myeloma. An editorial 
in the Journal of the American Medical Association in 1935 concluded with the 
statement, It appears, therefore, that besides the generalized form of myeloma 
with its hopeless outlook, there is a localized form amenable to surgical therapy 
and offering a favorable prognosis.” Cutler, Buschke, and Cantril, in 193G, 
reported on eighteen collected cases of which five growths solitary at first, 
later became generalized. The other thirteen growths revealed no generaliza¬ 
tion during the period of observation. Seven patients, however, had been 
followed for less than nineteen montlis. Two were alive and well, four and ten 
years after onset. Pasternack and Waugh, in 1939, reported one patient alive 
and well for 7 3 /i> years. King, in 1940, records one patient with solitary intra¬ 
osseous ntyoloma which became generalized four years later. Tennent in 1945 
collected 49 cases of solitary plasmoeytoma with one of his own, and records 
30 per cent developing multiple myeloma in from two months to six years, al¬ 
though only 50 per cent had been followed more than two years. Bayard 
and Heck in 1947 reporting on the Mayo Clinic series of eighty-three proved 
cases of multiple myeloma, report ten patients with local tumor formation, 
but nlso report that since doing sternal biopsies, to instances of solitary myeloma 
have been recorded. 

It would seem that the apparently localized and solitary type of myeloma 
will be found less frequently if complete studies are made, that the prognosis 
is somowhat less unfavorable than the multiple type, that surgical excision of 
resectable lesions is justifiable, but that the eventual result can be determined 
only by time. The effect of some of the newer drugs now being tried in the 
treatment of myeloma will be watched with interest in the hope that more 
permanent results may be obtained. 


SUM MARY 

Two unusual sternal tumors, a be ni gn giant cell and an apparently soli¬ 
tary plasma cell myeloma, are presented, and surgical treatment outlined. 
The available literature on benign, malignant, and motastatic tumors and some 
of the inflammatory lesions of the sternum are reviewed and tabulated. 
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Experimental Observations on Dogs Following Acute 
Peripheral Blood Loss 

Robert M. Eaton, M.D. 

Grand Rapids, Mich. 

Introduction 

T HE purpose of this paper is to present a series of observations on dogs which 
give evidence that acute peripheral blood loss will produce pulmonary patho¬ 
logic change and circulatory imbalance; that these pulmonary changes are those 
of edema, hemorrhage (Fig. 1) vascular congestion, and endothelial damage, 
with the production of a block to normal circulation; and that, because of the 
stasis in pulmonary circulation which results from these changes, there is de¬ 
veloped an acute systemic circulatory imbalance in which arterial pressures are 
low and venous pressures are high (Fig. 2). The lung changes which follow 
peripheral blood loss are not transient; they have been observed to last as long 
as five days, and to be aggravated by intravenous therapy if not wisely admin¬ 
istered as to type and quantity. 

It seems probable that the physiologic changes involved in acute hemor¬ 
rhage and so-called shock are similar if not identical, and that each of these 
conditions is characterized by acute decline in blood pressure, loss of blood 
volume, slowing of circulation, anoxia, capillary congestion, increase in capillary 
endothelial permeability, tissue edema, and cardiac insult (Fig. 8). In acute 
hemorrhage, this physiologic chain reaction is touched off by a loss of blood 
volume, whereas in shock the same series of events may be triggered by a 
cardiac insult or by a mechanism leading to reduction of effective blood volume. 

It must be pointed out that these experiments are affected by individual 
ability of the experimental animal to withstand and compensate for blood loss, 
and that, as in humans, age and physical fitness seem to be factors in the variable 
findings which result. It seems justifiable to present the results of these ex¬ 
periments because fundamental principles are involved which may have prac¬ 
tical application to surgery, postoperative care, and the prevention of post¬ 
operative pulmonary edema in man. 

Part One 

Observations on Pulmonary Arterlvl Pressure and Peripheral Venous 
Pressure Following Arterial Blood Loss 

During experimental studies of the lymph flow from the right thoracic duct 
of dogs, some interesting pulmonary findings were made. 1 In response to the 
acute loss of 25 per cent of blood volume from the femoral artery, a stimulation 
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of pulmonary transudation was evidenced by an immediate increase in lymph 
flow from the pulmonary lymphatic duct. Histologic examination of tho lnngs 
of these animals showed evidence of pulmonary edema, capillary congestion, and 
hemorrhage. The concept that peripheral artorial blood loss could produce 
pathologic change within the lung aroused oar curiosity and led to further 
investigation in pulmonary physiology ami pulmonary fluid economy during 
and following hemorrhage. 

A study of pressure changes in the peripheral vascular circulation seemed 
desirable when it was apparent that so important an organ in circulatory mech¬ 
anism as tho lung was being damaged bv the acute loss of peripheral arterial 
blood. Continuous peripheral venous and peripheral arterial pressures were 
then recorded on tho kymograph during and following hemorrhage, and it 
was noted that following an initial pressure fall of both these systems there was 
a period of instability of tho venous system in which there was a marked eleva¬ 
tion in pressure from tho femoral vein without corresponding pressure eleva¬ 
tion in the femoral artery. Tins observation of an impounded pressure in the 
peripheral venous system seemed to be evidence of circulatory obstruction de¬ 
veloped either within tho pulmonary circuit or within the right or left heart. 
A study was undertaken to ascertain pressures within the pulmonary artery 
under these same circumstances of hemorrhage. This ovidcnco seemed a require¬ 
ment, for if the right heart could be eliminated as a cause of this impounded 
venous pressure following blood loss, then pressure changes within the pul¬ 
monary artery and pulmonary arterial capillary bed could be considered to be 
evidence of a mechanical factor involved, in wlu'ch damage to tho endothelium 
of the pulmonary capillary bed may be augmented by insult to the functional 
ability of the left heart. 

The results of this experimental work havo been reported more completely 
in an earlier paper. 1 The findings described were consistently observed in seven 
consecntivo experiments in which pulmonary artennl pressures and peripheral 
venous pressure were recorded, four with the Wiggers optical manometers (Pig. 
3) and three with the kymograph (Fig. 4). 

Following withdrawal of 20 per cent of blood volume (5 per cent loss 
allowed for operative procedure) an immediate drop of pulmonary artorial 
pressure, syBtemic arterial pressure (femoral artery), and peripheral venous 
pressure (femoral vein) occurred, as might be expected. In the interval of 
ten to fifteen minutes following blood loss, a slight but percoptiblo rise in all 
pressure was noted. From twenty to twenty-five minutes later the pulmonary 
arterial pressure increased progressively; from forty to forty-five minutes after 
blood loss, this pressure often reached or surpassed its previously recorded nor¬ 
mal level; and after about forty minutes of such clovated pressure the pul¬ 
monary artery pressure fell back to levols coroparablo to the low systemic artorial 
pressure which was being maintained.* Examination of Fig. 4, which is a 
copv of a section of a kymogram, shows the marked increaso in pnlmonnry 


•On several occaMon* larger quantities of blood were removed and fatal shock level de- 
nrewlon of arterial pressure produced. In each care the pulmonary artery pressure aad the 
peripheral venous pre**ure continued at excawlvely htch lovolfi. In fact. until the vasornotor- 
col lap M of death- these pressures were elevating precipitously while peripheral arterial pressures 
steadily declined. 



670 


THE JOURNAL OF THORACIC SURGERY 


artery pressure which is maintained for an hour or more after peripheral arterial 
blood loss, and Fig. 3 shows this same change recorded photographically with 
a Wiggers manometer. 

At the same time, peripheral venous pressure began rising ten to twenty 
minutes after pulmonary arterial tension started its rise, and usually reached 
its previously recorded normal level an hour or more after blood loss. Periph¬ 
eral venous pressure increase has always shown this lag behind the rise in pul¬ 
monary arterial pressure. This interval may be the time required for pulmonary 
artery impounded pressure to produce right ventricular dilatation and incom- 
peteney, and a spilling over of pressure into the peripheral venous system. 



1_Photograph ot lung following hemorrhage with two views showing pleural and 

/.nt surfaces' A. right lung of a dog In which a loss of 25 per cent of blood volume was sus- 
? inta from the femoral artery four hours before sacrifice. Note dark mottled areas of hemor- 
fw vr throughout the lower lobe and the lower portions of the upper and middle lobes. B, sec- 
tiVJic through right and left lower lobes showing extensive hemorrhage throughout the right 
lower, and In portions of the left lower lobes. 


The normal relationship between the arterial and venous systems was 
temporarily upset by the changes produced by acute blood loss, and the pressure 
change in the venous system was much greater proportionally than that within 
the systemic arterial system. The evidence of an increase in pulmonary artery 
pressure following acute blood loss seemed to be good proof that a circulatory 
obstruction was produced within the lung itself and aggravated by some failure 
of the left heart. Indeed, changes in pulmonary artery pressure reflect changes 
throughout the entire pulmonary capillary bed. A rise in pulmonary artery 
pressure is indicative of a rise within the pulmonary arterial capillaries and 
rice versa. This system is a relatively short closed one with the pulmonary 
valve at one end and the capillary tufts at the other, and pressure alterations 
within the lung capillary bed would quickly be indicated in the pulmonary 

artery. 

CONCLUSION 


1 Peripheral arterial blood loss results in circulatory imbalance character¬ 
ized by low peripheral arterial pressure and a transient elevation of both pul- 
onarr artery pressure and peripheral venous pressure. 
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elevation of pressure could bo demonstrated on the peripheral artorial side. 
The remaining portions of this paper will be dovoted to the presentation of 
further evidenco of a pathologic process within the lung resulting from acute 
peripheral arterial blood loss. 


m ^ fi ClffCULATORY RESPONSE TO HEtmtHmi 




Amaum - vw 



Flp. -I.—Kymogrnphlc record of pressures within the pulmonary artery, femoral artery 
and femoral vein taken beforu. during ami following acuto systemic hemorrliage. 

The above la a photograph of a tracing - of a 12-Inch section from a kymo^ram taken during 
the period of greatest pressure rieo In the pulmonary artery Immediately following blood loss. 
The very delicate halrllke line* recording this pressure were not possible to bring out in a 
photograph of the original kymogram. 

On the right will be found base lines of scro pressures. Normal tracings recorded before 
blood loss are shown on the left. 

Hemorrhage was produced thirty-five minutes before tho abrapt rise In pulmonary artery 
pressure. This Is a typical response of pulmonary artery pressure to the congestion which takes 
place within the lung shortly after acute blood loss. 

Note tho elevation In the respiratory tracing and note Its gradual fafl at 0:20 and at 8:35 
P.ir. The lungs are held in hyperlnsplratlon In an attempt to make available a greater number 
of alveoli for oxygen absorption. This curve returns to the normal level as the lung condition 
is cleared. 


' It seemed desirable to show by some quantitative procedure just when after 
hemorrhage one may expect pulmonary moisturo change, for it was noted that 
histologic evidence of alveolar fluid accumulation depended upon the time which 
had elapsed following blood loss. This investigation seemed of value because it 


-pic- <■_-pulmonary artery pressure changes during and following hemorrhage recorded 

by Wlggors’manometers. * OpUcnl record of systemic arterial (carotid) and pulmonary nrterlat 
tensions^, before hemorrhage; tho standard dovlatlonsof a/S Indicated ; g, during 

homorrhage : note fall in both carotid and pulmonary arterial pressures . J following hemorrhage ; 
note continued deel!no of both carotid and pulmonary arterial pressures; nnd i forty minutes 
following hemorrhage; note pulmonary artery pressure to bo rising at this time, but carotid 
artery pressure remaining low. 
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was felt that information might be gained concerning some of the factors in¬ 
volved in the production of pulmonary edema which not infrequently compli¬ 
cates the course of a poor risk patient undergoing major operative surgery in 
which there has been considerable blood loss. 

The plan of experimental procedure was to produce the circulatory changes 
of acute hemorrhage by instituting a fixed peripheral arterial blood loss in 
a series of dogs. The animals were sacrificed at varying intervals of time after 
hemorrhage, and the per cent of pulmonary moisture was determined using 
the seventy-two-hour desiccation and dehydration method of Elman. These 
findings were then compared with the per cent of pulmonary moisture found in 
dogs in which there had been no blood loss. Hemorrhage of 25 per cent of blood 
volume was used (equivalent to 1,300 c.c. in an average weight man), for it was 
believed that this might be comparable to average blood loss in severe traumatic 
and severe operative hemorrhage, and that it would give a good indication of 
the mechanism of pulmonary and circulatory change one could expect from a 
smaller blood volume loss. 


METHOD 

Healthy dogs were used. Nembutal was given intravenously as an anesthetic. Each 
animal was handled in exactly the same way, and after ten minutes of anesthesia, 25 per 
cent of the blood volume was removed free flowing from the femoral artery. At the end of 
the experimental period, each dog was killed by the injection of 10 c.c. of chloroform into 
the left chambers of the heart. In many of the experiments blood was taken for plasma 
protein and hematocrit levels, both before hemorrhage and before the sacrifice of the dog. 
Autopsy was performed immediately. Two specimens of lung, each of approximately 15 Gm., 
were quickly removed, blood was allowed to drip from the excised tissue for one minute, and 
each block was then dropped into a previously weighed glass stoppered bottle. Bottles con¬ 
taining wet lung were weighed, the stoppers then were removed, and bottles and stoppers 
were placed in a drying oven for forty-eight hours at 60° C. This was followed by further 
dehydration for twenty-four hours in anhydrous cnlcium chloride desiccation. At the end of 
the seventy-two-hour drying process, each bottle was reweighed and the per cent of moisture 
in each specimen was computed. 

Seven groups of dogs were used in these experimental observations: Group A consisted 
of five controls sacrificed after ten minutes of anesthesia and without blood loss, and Groups 


Table I. Pulmonary Moisture Percentage Changes Following Acute 

Arterial Hemorrhage 


A 

B 

C 

D 

E 

F 

G 

Five dogs, with no blood loss (controls) 

Four dogs, sacrificed 10 minutes after hemorrhage 
Five dogs, sacrificed 20 minutes after hemorrhage 
Five dogs sacrificed 45 minutes after hemorrhage 
Five dogs, sacrificed 1% hours after hemorrhage 
Four dogs, sacrificed 2 hours after hemorrhage 

Three dogs, sacrificed 4 hours after hemorrhage 




Group 


A 

B 

C 

D 

E 

F 

G 

fc Jfi ff.bb 1 xa-A 

79.98 

IVjTiwj 

79.89 

78.12 


79.39 


moisture 

79.57 

jHtfntuji 

80.25 

78.42 

80.57 

78.86 

78.65 

percentages 

78.93 


79.78 

78.14 



79.77 



78.29 

79.58 

79.41 

78.69 


79.52 




79.95 


80.98 

78.52 

81.59 



Average 

per cent 

79.34 

80.37 

80.06 



79.49 

79.34 

Ppt cent change above 

79.34 

1.29 

0.91 

-1.27 

2.06 

0.18 

0.00 

or below the normal 








of Group A 
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B, 0, D, E, F, and G consisted of twenty-si* dogs sacrificed ten minutes, twenty minutes, 
forty-five minutes, one and one-fonrth hours, two hours, and four hours respectively after 
induced hemorrhage. 


AtKecu. 

Avvrm* 

SI vttftrr 


fiatmftt 



Graph 1.—Pulmonary moisture change following acute hemorrhage from the femoral artery 
(untreated), recorded In percentage above or below* averace normal. 


RESULTS 

In the Table I and Graph I an interesting pattern of pulmonary moisture 
change is noted during the first four hours following the controlled hemoirhage. 
An increase in the per cent of lung moisture is shown to have developed dur¬ 
ing the first ten to twenty minutes after an aente arterial blood loss. A fall 
bolow the normal lovel of pulmonary moisture was noted at the end of the 
forty-five-minute period. One and a quarter hours from the time of hemorrhage, 
the per cent of pulmonary moisture was again above the normal and there was 
a gradual leveling off to the normal base line during the subsequent four hours. 
It is admitted that the number of dogs involved in this experiment is small and 
inadequate when isolated statistically; considered, however, with the other ex¬ 
perimental evideneo of the paper, there seems to bo a justifiable reason for sub¬ 
mitting the data.* 


SUMMARY 

Hemorrhage of 25 per cent of blood volume from a peripheral artery pro¬ 
duces a predictable pattern of moisture ehange within a four-hour period. Re¬ 
cent histopathologic studies indicate that pulmonary edema and hemorrhagic 


•Recent etadlee «u*ie»t that thle return to fluid equilibrium may not be permanent In all 
eweee. end that the lunE may atmln become edematoua and that thir Iuna pathology may not 
bo so quickly removed. Autopsy has been performed In many dots three to five days after a 
36 per cent blood volume loss which had been followed bv normal eatlnr and drinking habits and 
normal activity with other dogs. Gross examination of lungs of aoroe of these dogs has revealed 
patchy hemorrhagic areas OJJ to 1.0 cm. Jn diameter on the pleural surface ana on the cut 
surface. Microscopic study In these instances shows generalised edema, edema of the alveoli 
sod alveolar walls, as well as capillary congestion and tissue hemorrhage. The point Is raised 
that there may be but a temporary Improvement In vascular Imbalance und pulmonary con¬ 
gestion following peripheral hemorrhage and that pulmonary damage mar be of clinical Im¬ 
portance over a period of several days. 
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change may last several days. The quantitative changes in lung moisture of 
the first four hours are: - 

1. An initial rise in pulmonary moisture during the first twenty minutes 
following systemic hemorrhage. 

2. A drop below normal levels at forty-five minutes. 

3. A secondary rise in pulmonary moisture well above the normal averages 
by one and one-fourth hours. 

4. A leveling off toward normal at two and four hours. 

Part Three 

Hematocrit and Plasma Protein Levels Following Acute Blood Loss 

In the plant and animal kingdoms normal life is maintained by fluid equili¬ 
brium within osmotic chambers. Plant life functions normally with a one-way 
directional flow, •whereas in the animal world a complete circulation of fluid 
has been developed. Our circulatory system is a vast semipermeable osmotic 
chamber in which fluids and solutes pass back and forth between the tissue 
spaces and the blood vessels under varying systemic requirements. Two of the 
factors governing flow of fluid between the vascular system and the tissue spaces 
are: blood pressure change and variations in plasma protein concentration. It 
is of interest then, to note what changes in plasma protein concentration and 
hematocrit readings are to be found in acute hemorrhage. Table II and Graph 
2 show the changes recorded in these experiments. 


Table EL Hematocrit and Plasma Protein Determinations Following Acute Blood 

Loss (Four Dogs Used) 


TIME OP 

TAKING BLOOD 

HEMATOCRIT 

(%) 

PLASMA PROTEIN 

IN GM. FEE 100 C.C. 

Before hemorrhage 

40.5 

6.1 

10 minutes after hemorrhage 

49.2 

5.6 

20 minutes after hemorrhage 

50.1 

5.6 

45 minutes after hemorrhage 

50.1 

5.6 

1% hours after hemorrhage 

48.5 

5.6 

2 hours after hemorrhage 

48.0 

5.6 

4 hours after hemorrhage 

47.2 

5.6 


During the first two hours following acute hemorrhage the plasma protein 
level is noted to be depressed, in grams per 100 c.c. of plasma, and the hematocrit 
reading to be elevated. This drop in plasma protein level and elevation of the 
hematocrit reading is due to the loss of albumin and liquid from the circulatory 
system to the tissues. In the pulmonary alveoli this alteration will subsequently 
be noted as a heavy albuminous precipitate (see Part Six). The hematocrit 
concentration is initially elevated at ten minutes, reaches its peak at forty-five 
minutes, and levels back almost to the normal or below by four hour’s. The 
observations on four dogs are here presented. They were used specifically for 
the purpose of determining the hematocrit and plasma protein levels at intervals 
of ten minutes, twenty minutes, forty-five minutes, one and one-fourth hours, 
two hours, and four hours after an induced hemorrhage of 25 per cent of blood 
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volume. The figures hero presented cheek quite identically with the hemato¬ 
crit and plasma protein determinations made on dogs in each of the other ex¬ 
periments, but to incorporate all tho data would bo confusing to the render. 

H£nATDc/?/r /nhu>//r&s 



tfenoKfra/tee 


FL/m/v/) feortt/Y 

/\C£JT£ &L60PLKS 


7 r\ 


Avefuee 

Berv&bq*. 

Hfmrpfj/fee 








y 




durlnc tho flrot four hours 


doprersed and tho homatocm reouinj 
foliowlnc acute jreripiicmi blood loss. 


Part Four 

Quantitative Changes in Pulmonary Moisture Following Acute Systemic 
Hemorrhage Treated With Intravenous Fluids 
Tiie purpose of this portion of these experimental observations was to pro- 
duce peripheral arterial blood loss, administer various intravenous fluids as 
therapy, and to ascertain what change in pulmonary moisture percentage might 
result.’ Tho reason for this investigation was the suspicion that tho type, 
quantity and mothod of administering postoperative intravenous fluids might 
contribute to the production of the pulmonary edoma which occasionally com- 
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plieates "the course of the poor risk patient or the person who may be in good 
health jet is forced to undergo a major operative procedure with considerable 
blopdloss. It was felt that these individuals were subject to such disturbance in 
circulatory and pulmonary physiology from the loss of' peripheral blood that 
fluids given by the intravenous route might need to be given with caution for 
£e&T of impounding even greater pressures within the venous system against 
a damaged pulmonary endothelium and an embarrassed left heart. 


Normal 

Averages 



Fig. 5.—Pulmonary moisture percentage variations when various intravenous preparations are 

used after acute hemorrhage. 


The plan of experimental procedure was similar to that of Part Two, except 
that various intravenous fluids were given as therapy for a four-hour period 
after hemorrhage. The circulatory changes resulting from acute hemorrhage 
were produced, as in Part Two, by instituting a 25 per cent blood volume loss; 
and, in addition, a smaller series was used in which a 10 per cent blood volume 
loss was sustained (500 c.c. in an average weight man). Physiological sodium 
chloride, plasma, and whole blood were the intravenous fluids given. When 25 
per cent of the blood volume was removed, intravenous fluid was administered 
in the amount of two and one-half times this quantity (3,250 c.c. in an average 
weight man.) When 10 per cent of blood volume was removed, intravenous 
fluid was administered in the amount of four times this quantity (2,000 c.c. in 
an average weight man).* 

METHOD 

Healthy dogs were used. Nembutal was given intravenously as an anesthetic. Each 
animal was handled in exactly the same way, and after ten minutes of anesthesia the re¬ 
quired blood volume was removed free flowing from the femoral artery. Intravenous fluids 
were started immediately and wore given at the rate of forty drops per minute. Blood for 
plasma protein determinations and hematocrit levels was taken in selected cases before and 
after intravenous therapy. At the end of the experimental period, each dog was killed by 
the injection of 10 c.c. of chloroform into the left chambers of the heart. Autopsy was per¬ 
formed without delay. Two specimens of lungs, each of approximately 15 Gm., were re¬ 
moved, blood was allowed to drip from the excised tissue for one minute, and then each 

•The quantity' of intravenous fluid to be given these experimental -animals was determined 
by therapv used on the battlefields of World War II and in thoracic centers when m ajor blooa 
loss may be expected. During World War II it was common practice to give 3,000 to 0,000 c.c. 
and more of intravenous fluid to the casualty In profound hemorrhagic shock, even though «j 
some instances pulmonary edema was observed to follow such treatment. In thoracic BUT&aii 
centers it has become quite routine to give large quantities of Intravenous fluid on the operating 
table and an equal amount in the Immediate postoperative period. Therefore, it was deciaea 
to give these animals posthemorrhagic fluids which would he considered comparable to moderate 
amounts given the above-mentioned patients. Our purpose was to ascertain whether eanj 
pulmonary edema could be demonstrated by such treatment. 
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Table HI. Pulmonaby Moisture Percentages Following Systemic Hemorrhage Treated , 
With Intravenous Fluids for Four Hours (Autopsied Four Hours After Blood Loss) 

A Five 5ogs, no bloo^ loss, ~ 

B Nine dogs. 25% blood volame loss- Given intravenous saline 
0 Six dogs, z5% blood volume loss. Given Intravenous plasma 
I) Four dogs, 25% blood volume loss. Given intravenous blood 
E Five dogs, no blood loss. Given intravenous saline 
F Three dogs, 10% blood volume loss. Given intravenous saline 

G Three dogs, 30% blood volume loss. Given intravenous plasma 


Group 

' A 

B 

—5— 

I) 

E 


A 

Pulmonary 
moisture per- 
ccntages 

70.78 

70157 

78.93 

78.29 

70.95 

82 M 8225 
SOM 82.31 
82.22 80.97 
82.13 82.46 
82.89 

S0.99 

80.02 

80.59 

8L52 

80.55 

80.80 

80.81 

81.47 
70.93 

79.47 

— sasi>~ 

83.64 

80.12 

8L41 

6022 

" “81.98 
81.51 
82.46 

~507 3 
80,54 
80.60 

Ar era go per cent 

70.34 

82.13 

80.74 

80.41 

~ 8i.it ^ 

81.98 

80.61 

Per cent change 
from A normal 


3.50 

1.86 

1J8 

3.28 

3J2 

1J57 


Table TV. Plasma Protein and Heilatociut Levels Following Hemorrhage and Various 
Intravenous Fluids 


INTRAVENOUS FLUID 



25% bloocl volume loss, intravenous saline 

=1A 

-7.4 

(5 dogs) 

25% blood volame low. intrareaoua blood 
(4 dogs) 

£5% blood volame lara, intravenous platma 
(5 dog.) 

-0.7 

-0.2 

-0.2 

-13 


block of tissue was dropped into a previously weighed glass stoppered bottle. The dehydra¬ 
tion process was identical to that used in Part One. The per cent of moisture in each lung 
was computed and compared to the normals. The data are presented in Tables III and IY 
and Fig. 6. 

RESULTS 

From tiie above data and chart it will be noted that four hours after hemor¬ 
rhage the greatest increase in pulmonary moisture occurred when physiologic 
sodium chloride was the intravenous agent, and that the greatest drop in plasma 
proteins resulted when this same fluid was used. When whole blood or plasma 
wore the intravenous fluids administered, the per cent in pulmonary moisture 
increase was half that resulting from the use of intravenous physiologic sodium 
chloride. The quantitative findings in pulmonary moisture following hemor¬ 
rhage seem to indicate that whole blood or plasma give comparable results as 
intravenous therapy, although even the use of these ideal fluids resulted in 
greater pulmonary moisture than is found four hours after untreated hemor¬ 
rhage. Likewise it will be noted that following blood loss there was but slight 
alteration in the plasma protein level when whole blood or plasma were used as 
intravenous therapy, that there was considerable dilution of the plasma proteins 
when physiologic sodium chloride was given, and that the best hematocrit find¬ 
ings resulted when whole blood was used. 

Group E was incorporated in this series in order to show that intravenous 
physiologic sodium chloride, alone, and without blood loss, will result in an in- 
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crease in pulmonary moisture and a drop in both plasma protein and the hemato¬ 
crit levels. In this regard it may be added that 2,000 c.c. of intravenous physio¬ 
logic sodium chloride given to normal ward patients has resulted in a drop of 
1.2 Gm. in the plasma protein level (unpublished). 



Graph 3.—Pulmonary lymph Is Increased In quantity and depressed In protein content following 

hemorrhage. 


SUMMARY 

1. The administration of intravenous fluids after hemorrhage of 25 per 
cent of blood volume from a peripheral artery is associated with a greater in¬ 
crease in pulmonary moisture than is found four horn’s after untreated hemor¬ 
rhage. 

2. When physiologic sodium chloride is used the increase in pulmonary 
moisture is apparently twice that found when either whole blood or plasma are 
the intravenous fluids used. 

3. When whole blood is given intravenously following hemorrhage, the 
pulmonary moisture increase is slightly less than that resulting from the use 
of plasma. 

4. When physiologic sodium chloride is given as intravenous therapy, there 
is a marked drop in plasma protein; whereas when plasma or whole blood 
are used this does not occur. 
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Part Five 

, Changes in Pulmonary and Systemic Lymph Flow Followinq Acute 
Peripheral Blood Loss 

In this next portion of the paper experimental observations arc presented 
winch indieato that ncute hemorrhage from a peripheral artery has an imme¬ 
diate effect upon pulmonary lymph flow as well as systemic (cervical) lymph 
flow. 'When physiologic normnl saline is administered intravenously following 
acute hemorrhage, it will he noted that, an evon greater stimulation of lymph 
flow from these areas is to bo expected. 



method 

The plan of investigating alterations In pulmonary and systemic transudation was by 
quantitative and chemical lymph studies. Pulmonary lymph may be studied satisfactorily 
by cannllration of the right pulmonary lymphatic dnet (right thoracic duct) as it empties 
into ths right subclavian vain, and systomle lymph flow mny bo studied by canalising the 
conical lymphatic ducts. Most of the lymph drainage of the right pulmonary lymphatic 
duct is of pulmonary origin and is for this reason a good indicator of the Hold economy of 
tho lung'. 

The experimental procedure in each case was as follows: using large healthy dogs, and 
nembutal anesthesia, a cannula was inserted Into the lymph duct (cervical or pulmonary, ns 
tho case may be) after the technique of Drinker. A normal lymph flow from the cannnla 
was observed over tho period of ono-hnlf to three-quarters of an hour at one-quarter boor 
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intervals. Dogs were bled of 25 per cent of blood volume and the lymph flow was recorded 
both with and without intravenous therapy. Lymph protein determinations were made by 
the Van Slyke copper sulfate technique, a practical method of comparing the protein values 
of minute quantities of fluid. Each type of experiment was repeated several times. The 
data here presented are actual findings and seem to be typical responses for each type of 
experiment. 
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Graph 5.—Effect of hemorrhage and Intravenous saline on cervical (systemic) lymph. 

A. The response of pulmonary lymph flow to acute systemic hemorrhage 
is shown in Graph 3, in which the following may he noted: (a) a doubling m 
volume of lymph flow within forty-five minutes of acute hemorrhage followed 
by gradually leveling back to the normal; and (b) an initial drop in specific 
gravity and protein values of lymph noted in the first hour after hemorrhage. 

B. The response of systemic (cervical) lymph flow to acute peripheral 
blood loss is shown in Graph 4 and the following points are to be noted: (a) 
an increase in volume of lymph flow during the first hour; and (b) a drop in 
specific gravity and lymph protein during the first hour. 

C. The effect of hemorrhage and intravenous physiologic sodium chloride 
on cervical lymph is shown in Graph 5. Of interest is: '( a ) a volume of lymph 
flow five to eight times normal; and (b) a drop in the specific gravity and 
lymph protein values. 

D. The effect of hemorrhage and intravenous plasma on cervical lymph is 
shown in Graph 6. It is of interest to note: (a) the volume of lymph flow 
to be quite comparable to that of the hemorrhage experiment; and (b) but a 
slight change in specific gravity and of the lymph protein level. 
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Part Six 


Pathologic Changes Within the Lung Resulting From Acute 
Arterial Blood Loss 


The observation that a pathologic state could bo produced within tho lungs 
by peripheral arterial blood loss was a finding of studies in which pulmonary 
lymph was being observed routinely when peripheral hemorrhage was induced 
experimentally (Part Five). At the time-these lymph studies wero carried out 
the experimental animals were observed ovor a period of four to five hours, then 
sacrificed, and immediate autopsy was performed. More attention was paid to 
the lungs than to any other organ because an attempt was being made to study 
the anatomic relations of the pulmonary lymphatics down along the mediastinum 
into the lungs. 
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Graph 0.— Effect of hemorrtwBe am I in (raven on* pJaama on cervical (jy*temlc) iymph. 


On opening the chest of many dogs, four hours after acute blood loss, the 
gross appearance of the pleural surface presented not the glistening pink of 
the normal lung hut showed a mottled surface of dark red raised areas varying 
in size from that of a pin head to 0.5 cm. or more in diameter (Pig- 1). The 
cut surface of these lungs presented this same picture of patchy hemorrhagic 
infiltration. The areas of hemorrhage wero confined more to the middle and 
lower lobes with no apparent concentration of hemorrhage to any particular 
portion of a lobe, but with quito general distribution throughout the parenchyma. 
Blocks of such lung specimens were run through for histologic study and each 
presented the microscopic picture of alveolar and tissue edema, vascular con¬ 
gestion, frequent areas of compensatory alveolar overdistention ana occasmnnl 
^morrhnge. Fig. 6 is quite typical of these findings. 
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The desiccation experiments of Part Two were then conducted to prove 
the existence of an increase in the fluid content of the lungs when acute systemic 
hemorrhage was induced, and in each case histologic lung study -was carried out. 
Prom Graph 1 (Part Two), showing pulmonary moisture change, Dr. Moore’s 
Score Sheet (Table V), and Graphs 7 and 8 showing histologic changes in pul¬ 
monary edema and congestion, it became apparent that following acute blood 
loss there is developed a predictable cycle of pulmonary moisture change syn¬ 
chronized with comparable alterations in pulmonary lymph flow, pulmonary 
artery pressures, and histologic alterations within the lung. 



Fig. 6.—Photomicrograph of a dog lung four hours after acute loss of 25 per cen b,»r 
blood volume from the femoral artery. Note alveolar edema and areas of alveolar o'er 
distention. 


RESULTS 

Tissue sections from the lungs of these experimental animals were studied 
by Dr. Robert Moore, Professor of Pathology in Washington University School 
of Medicine, St. Louis. Dr. Moore graded each lung section in categories per¬ 
taining to edema, hemorrhage, and vascular congestion, and adjudged them on 
a one to four basis depending upon the observed degree of pathologic change 
(Table V). 

In order to arrive at a just basis of comparison of abnormal and normal, 
the graded tissue observations of four normal (unbled) dogs are presented m 
the first group; dog number 4 (Dec. 12) was sacrificed by injecting 10 c.c. of 
chloroform into the chambers of the heart without anesthesia, while the other 
three normals were sacrificed in the same manner, but after ten minutes of 
nembutal anesthesia. It will be noted that a grading of 0 was made only m 
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Graph 7.—Composite graphs of pulmonary edema following hemorrhage as to micro¬ 
scopic evidence of tissues, alveoli, distribution, and character of the edema in the lung. 
Data wa» derived from Dr. lloore’s Score Sheet and curves were plotted according to dia- 
trltratlon of the edema, the amount of tissue edema, tho amount of alveolar edema, and the 
density of the edema. Points 1. 2, 3, 4 , and C indicate the time Interval after hemorrhage at 
which the dogs were sacrificed. The numbers on the vertical lino refer to the unite of 
pathologic change In Table V and represent increase over the normal. 



Graph 8.—Composite graphs of pulmonary congestion following hemorrhage ns to micro¬ 
scopic evidence of hemorrhage and concretion, both capillary and largo vesseL The time 
intervals at points 1 to 6 are the same as those In Graph 7. The numbers on the vertical line 
refer to the units of pathologic change In Table V and represent Increase over the normal. 
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the categories of “alveolar edema,” and “character of alveolar edema,” and 
that there is a grade 2 capillary congestion in all four normals. However, using 
the same technique of killing the experimental hemorrhaged dogs, there is to he 
noted a very definite increase of graded value in each category of edema, hemor¬ 
rhage, and congestion as compared to the findings of the normal. 

There is an abrupt increase in alveolar edema at, ten minutes following 
blood loss, a lesser degree of alveolar edema at twenty minutes, and a negligible 
amount at forty-five minutes; after this there is a definite trend to a reaccumu¬ 
lation of edema, reaching a peak at seventy-two hours, when this edematous 
condition is marked. It should be pointed out that the animals of the seventy- 
two-hour group were active in their dog pen after the removal of 25 per cent 
of blood volume and that they had normal eating and drinking habits. 

Table V. Dr. Moore's Score Sheet of'Pathologic Lung Changes After Acute 

Hemorrhage 



DOG 

j EDEMA j 



| CONGESTION 

CHAR- 

TIME 

NUMBER 

AND 

DATE 

general 

DISTRI¬ 

BUTION 

TISSUE 

ALVEOLI 

HEMOR¬ 

RHAGE 

CAP¬ 

ILLARY 


ACTER 

OF 

EDEMA 


Normals (4) Feb. 13 

2 

1 

0 

0 

2 

0 

0 

(3) Peb.13 

1 

1 

0 

0 

2 

0 

0 

(4) Dec. 12 

0 

0 

0 

1 

9 

0 

0 

(2) March 23 

0 

0 

0 

1 

2 

1 

0 

10 minutes (1) May 9 

3 

1 

4 

1 

2 

9 

u 

3 

(2) May 9 

0 

2 

0 

0 

2 

0 

0 

(1) March 30 

4 

3 

2 

0 

2 

3 

1 

(1) May 15 

3 

2 

3 

1 

3 

1 

2 

(2) May 15 

2 

3 

2 

1 

4 

1 

1 

20 minutes (1) March 2 

0 

2 

0 

0 

2 

1 

0 

(3) Peb. 27 

1 

2 

Q 

u 

1 

2 

2 

3 

(4) Peb. 27 

2 

1 

2 

1 

2 

2 

3 

(1) March 13 

2 

2 

3 

0 

1 

3 

2 

(1) Feb. 27 

*) 

O 

9 

3 

1 

4 

4 

2 

45 minutes (2) Peb. 13 

1 

l 

0 

1 

3 

0 

0 

(1) Peb. 13 

3 

2 

0 

0 

2 

2 

0 

(3) Peb. 9 

2 

2 

1 

1 

9 

2 

1 

(3) March 16 

2 

i 

0 

1 . 

1 

3 

0 

(2) March 1 

2 

2 

0 

1 

2 

2 ' 

0 

60-75 minutes (2) Jan. 31 

1 

1 

2 

1 

2 

1 

2 

(2) Jan. 18 

3 

1 

0 

0 

3 

9 

0 

(1) Jan. 31 

2 

1 

0 

1 

4 

4 

0 

(1) Jan. 18 

o 

0 

0 

1 

4 

2 

0 

(4) March 13 

3 

1 

0 

1 

3 

i 

0 

150 minutes (2) Jan. 26 

3 

2 

0 

0 

1 

2 

0 

(1) Jan. 26 

3 

I 

0 

0 

1 

1 

0 


240 minutes (23) Jan. 10 2 10 1 3 1 

(1) March 20 4 3 2 3 3 3 

(1) March 23 4 _2_3_1_3_3 


300 minutes 

(1) Feb. 16 
March 20 
March 23 

3 

9 

o 

1 

2 

2 

0 

1 

2 

0 

0 

1 

3 

2 

0 

0 

2 

2 

24 hours 

May 2 

l 

1 

0 

0 

3 

0 


(1) May 22 

2 

2 

9 

3 

2 

3 


(2) May 22 

2 

1 

9 

2 

2 

3 

72 hours 

May 16 

9 

o 

o 

3 

1 

o 
• > 

2 


Peb. 4 

4 

9 

4 

3 

2 

4 


May 4 

4 

2 

4 

2 

2 

3 ' 
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Part Seven 

DISCUSSION 

Prom these observations it is conceivable that operative or .traumatic 
blood loss can produce an imbalance in the circulatory system by the pwduction 
of a pathologic state within the lung3. Sncli a change in normal pulmonary and 
circulatory physiology can have surgical importance, particularly as pertains 
to postoperative care and postoperative fluid therapy of critical or poor risk 
patients. 

The physiologic ciianges wliieh develop following acute blood loss arc quickly 
produced. During the first, ten minutes following a loss of 25 per cent of 
blood volume there is a marked increase in rate and depth of the respiratory 
effort (Pig. 7); a decrease in cardiac output; a fall of systemic, arterial, venous, 
und pulmonary artery pressures (Part One); a lengthening of circulation time 
(sodium cyanide test, unpublished); anoxia of circulating blood; an increase 
in endothelial permeability (Part Pour); increase in pulmonary lymph flow 
(Part Five); congestion of tho pulmonary capillary bed (Part Six); hemo- 
coneentration (Part Three); a fall in plasma protein level (Part Three); and 
pulmonary edema as shown both microscopically (Part Six) and by desiccation 
experiments (Part Two). 

Edema is a rapid development following acute blood loss, and is found in 
tho lungs long lieforc it is evident in other organs (unpublished observations). 
Tho pulmonary capillary system is affected by the same intravascular changes 
which arc manifest elsewhere in the body, but in addition it is subject to intra- 
alveolar pressure changes and to back pressure from an incompetont loft heart 
not adjusted to rapid vascular changes in Wood volume. 

The sucking effect of nil increased intra-nlvcolnr negative pressure is of 
great importance in n consideration of the pulmonary changes in question. Fig. 

7 is a kymographic record illustrativo of the immediate effect of simple periph¬ 
eral arterial blood loss upon the respiratory cycle in tho experimental animal. 
That tins stimulation to respiration may be tin important factor in the produc¬ 
tion of the initial pulmonary edeina of the ten-minute period following blood 
loss is apparent when the following physiologic facts are considered. 

In the normal resting individual a negative pressure of 3 mm. of mercury 
is exerted within the tracheobronchial tree with each inspiration, ami this 
sucking effect is transmitted to tho alveoli (Drinker). 4 Intratracheal pressure 
becomes zero at tbc end of inspiration and is followed by a slight positive 
pressure during expiration. Intratracheal negative pressures of 20, 30, 10, 50, 
and 70 mm. of mercury may readily result from tracheal obstruction tDrinker). 
Such negative pressures exceed the effective osmotic pressure within the capil¬ 
lary system and could draw transudates out. into the alveoli even though no 
other factors were involved. 

In 1933, Tamada' made pleural punctures on several hundred normal 
Japauese soldiers before and after vigorous exercise and obtained fluid in 20 
per cent of these subjects at vest, and in 70 per cent after they bad done severe 
work. In 1921 Graham, 0 using botli the dog and human lung suspended in a 
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bell jar, showed that expiration will produce pleural effusion by the squeezing 
effect of the respiratory effort, and that this effusion is increased when respira¬ 
tions are exaggerated. In 1943, Drinker 4 found that labored breathing produced 
an increase in pulmonary transudation in the dog as evidenced by increase in 
lymph flow from the pulmonary lymphatic duct; he has also shown that reduced 
oxygen supply increases pulmonary lymph flow, and he has pointed out that 
this increased transudation is due to an altering of capillary endothelium toward 
leakage as a result of a damaging effect of anoxia. Coughing, wheezing, choking, 
and production of tracheal phlegm are regularly observed when normal subjects 
hyperventilate themselves in competitive sports, running for trains, etc., and 
although these symptoms are usually transient, in some people a more lasting 









/ 



vnnnwmniu- .. fflH™™rmHBmTff. l HimwHmmmraa?mpimwmHHinn'ww»“niUBiUfflii!UBUUUa 


pjg 7 —The effect of peripheral arterial blood loss on respiration. Kymograph of respira¬ 
tory' changes during acute hemorrhage. 

Kymograph 1, with the tape about the mid-chest, demonstrates changes In intercostal 
hreathing Note period of hyperventilation followed by forceful breathing. As the period of 
apnea rises, (notch In upstroke) the chest Is held in hyperinspiration. 

Kymograph 2. with the tape about the upper abdomen, demonstrates changes In dia¬ 
phragmatic breathing. Normal breathing Is characterized by an upstroke In Inspiration 
ns the circumference of the abdomen decreases pith the powerful sucking effect of chest muscles. 
-Vote the changes over to forceful diaphragmatic action pushing down upon abdominal con¬ 
tents and increasing the circumference of the abdomen, and note that a gradual elevation 
ef the nerlod of apnea is again shown as the diaphragmatic muscles also help to hold the 
lungs in hyperventilation (notch in upstroke). 


respiratory embarrassment may develop as a manifestation of acute pulmonary 
edema. If marked respiratory stimulation can produce systemic evidence of 
pleural effusion and pulmonary edema in the individual in whom there is normal 
cardiac reserve, then it should be possible to produce similar and even more 
severe changes in the experimental animal and in the postoperative patient as a 
result of the marked stimulation to respiration which results from the anoxia 
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of blood loss, for to this is added the factors of changes in endothelial per¬ 
meability, alterations in the plasma protein levol, and cardiac insult. 

Forty-five minutes following acute arterial blood loss, a dehydration of the 
Inngs is evidenced by a fall of pulmonary moisture percentage below the normal 
(Part Two), and there is noted to be histologic evidence of drying of the lung 
and overdistension of the alveoli (Part Five). Dehydration of the tissues of the 
body is a physiologic response to a loss of blood volume and will occur when 
intravascular osmotic pressures exceed hydrostatic pressures. At forty-five 
minutes there is an attempt to dehydrate the lung, intra-nlvcolar negative pres¬ 
sures are approaching normal, and even a blood of lowered osmotic pressure 
vallic will tend to draw fluid from the tisane spaces when hydrostatic pressures 
are low with blood loss (desiccation experiments of Part Two and the histologic 
observations of Part Six). Howovor, pulmonary endothelium has suffered dam¬ 
aging effects during the first ten to twenty minutes following hemorrhage, 
fluid of high protein value lias leaked into the alveoli, capillary congestion has 
developed, and frank hemorrhage has been produced within tho lung. This 
attempt to dehydrate tho lung is transient, the endothelial changes of the pul¬ 
monary capillary bed and tho myocardial damage of tho first twenty minutes 
nave been too great. Pulmonary capillaries are still congested at forty-five 
minutes, tho initial damage to tliis system is not quickly relieved and pulmonary 
edema is again produced by the drive of oncoming blood from the venous system 
plus back pressure from the left heart in congestivo failure. 

Tho pulmonary moisture elevation which is manifest one hour and a quarter 
after an acute arterial blood loss may have moro than academic interest. High 
pulmonary artery pressures and peripheral venous pressures with low systemic 
artorial pressures hove been demonstrated at this time interval, and tho histo¬ 
logic evidence of alveolar edema again nccummuiating has been shown. In 
other words, endothelial damage has progressed now to the pathologic state, 
capillary pressures aro elevating, and edema is again evident as endotholial 
permeability increases and as left heart inefficiency bocomes more pronounced. 
Pulmonary edema and pulmonary congestion experimentally produced by mere 
peripheral blood loss may bo the early manifestation of acute pulmonary edemn 
which is seen following surgery. Histologic examination at this interval fol¬ 
lowing blood loss shows pulmonary cdoma and capillary congestion (Part Five), 
and experimental observations have shown elevation of peripheral venous pres¬ 
sures as well as marked rise of pulmonary artery pressure (Part Ono), as 
pressure is impounded against damaged pulmonary endothelium and an in¬ 
competent left heart. As shown in Part One, this temporary pressure rise in 
the venous system is not associated with corresponding elevation in tho periph¬ 
eral arterial' pressure following blood loss, and it seems probable that tho 
vascular system is temporarily out of balance. 

Pulmonary moisturo seems to level back nearly to tho normal expectancy 
four hours after hemorrhage and normal equilibrium is again established in 
the vascular system. However, recent observations indicate this to bo a tem¬ 
porary adjustment and that many animnls will show pulmonary edema and 
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hemorrhage when sacrificed three to five days after blood loss even though there 
has been normal activity without symptoms of pulmonary disorder. 

It is apparent that pulmonary obstruction to normal circulation is usually 
transient following a 25 per cent blood volume loss, and that in a matter of a few 
hours normal circulatory balance is re-established between the arterial and 
venous systems; however, it is also apparent that the pathologic changes which 
have taken place within the lung could not be corrected completely in this short 
space of time, and that this organ remains a potential source of circulatory 
obstruction should unwise intravenous therapy be given to tax the ability of 
an impaired pulmonary endothelium (as demonstrated in Part Pour). When 
one considers the pulmonary moisture changes, the vascular imbalance (Pig. 2), 
the changes in pulmonary transudation, and the alterations in hematocrit and 
plasma protein levels which can be expected to follow acute arterial blood loss, 
a consideration of the possible dangers of type and quantity of intravenous 
therapy will seem necessary. 


Cardiac Insult 


Homoconcentration 


Lowered Plasma Protein 11 
level 


12 

/ 


2 Decreased Cardiac Output 

\ 

3 


/ 


Circulatory Imbalance 10 


SHOCK 


\ 


Slowing of Circulation 


\ 


Edema of Alveoli 


/ 


, Fall in Blood Pressure 
(Loss of Blood Volume) 


\ 

Edema of Tissues 8 


5 Anoxia 

/ 

£ Hidothelial Damage 


Increased Qidothelial 
Permeability 

Fig. 8.—Schematic diagram of the possible mechanism of shock. It Is probable that 
the shock state may he produced by a type of chain reaction initiated at any one of the 
above twelve points. Hemorrhagic shock emanates from point 4 with an actual loss of blood 
volume. 


The entire vascular bed with its intricate ramification of capillaries is 
actually a vast osmotic chamber in which fluid passes back and forth between 
the interstitial tissues and the circulatory system. One of the important factors 
governing and maintaining normal fluid balance is the positive osmotic pressure 
effect of the circulating plasma proteins. The importance of maintaining nor¬ 
mal plasma protein levels during postoperative care must be emphasized. When 
physiologic sodium chloride is used as intravenous therapy, there is a dilution 
of plasma proteins. Physiologic sodium chloride exerts no colloid osmotic pres¬ 
sure, and as an intravenous agent it dilutes the plasma proteins, colloid osmotic 
pressures decline, and fluid is allowed to leak into the alveoli and interstitial 
spaces from the circulatory system. Group E of the table serves to emphasize 
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this point; in this group an increase in pulmonary moisture resulted from the 
administration of intravenous physiologic sodium chloride to unbled dogs. 

On the other hand, it must be pointed out that the increase in pulmonary 
moisturo after an intravenous therapy of either plasma or whole blood is con¬ 
siderably higher than is pulmonary moisture four hours after untreated hemor¬ 
rhage. This brings up the point that intravenous therapy following severe 
hemorrhago will result in an aggravation of the pulmonary edema of blood loss, 
regardless of the typo of fluid used. It must again be pointed out that periph¬ 
eral blood loss produces a pulmonary block to normal circulation; and that if 
to this imbalance in pulmonary and circulatory' physiology greater fluid volume 
be added to the venous side, then even greater pressures will ho impounded 
against this abnormal pulmonary endothelium, aud an aggravation of the pul¬ 
monary edema is the inevitable result. 

To re-emphasize the remarks of tho first part of tills discussiou, the colloid 
osmotic pressure of the blood passing through normal lungs is much higher 
than the capillary blood pressure, and tliis arrangement makes for a minimum 
amount of fluid in the alveoli. Tho osmotic pressure effect of plasma proteins 
causes absorption of interstitial moisture and holds fluid within the vascular 
bed, and this osmotic pressure is normally much greater than tho hydrostatic 
pressure of blood tending to force fluid and solutes out of the capillaries. How¬ 
ever, these are the conditions ns they exist in normal fluid economy, before there 
is any blood pressure or osmotic pressure derangement, or endothelial damage 
to upset this delicate balance of the vascular system. Blood loss and intravenous 
therapy produco an imbalance in this fluid economy, and a pathologic state 
within tho lung. 

Tho inability of physiologic sodium chloride to exert positive osmotic . 
pressure is just ns apparent in humans as in the experimental animal. Its 
occasional use in the treatment of hemorrhagic shock attests to the unfortunate 
choice of this solution when plasma or blood nro available. The ability of 
plasma to exert positive osmotic pressure is more apparent in the treatment of 
hemorrhagic shock than it ever could bo in a laboratory experiment of this sort. 
Tho recognition of tlio life-saving virtuo of tliis fluid has been one of the greatest 
medical accomplishments of World War II. Tho essence of plasma therapy is 
the ability of this fluid to maintain normal osmotic pressure within the vascular 
system. In many respects theso experiments compare favorably with results 
in individuals who have been given in the one case physiologic sodium chloride 
and in the other case whole blood or plasma as intravenous therapy. Those 
receiving physiologic sodium chloride hove a dilution of their plasma proteins, 
a loss of effective osmotic pressure, a shift of fluid from the circulatory .system 
to the tissues, on accumulation of fluid wit bin tho alveoli, and a development of 
pulmonary edema. When whole hlood or plasma are used ns intravenous agents, 
this edema is kept at a minimum, provided rate and quantity of administration 
are carefully controlled and venous pressures are watched. 

The reador must not construe from this paper that intravenous blood mid 
plasma are condemned in tho treatment of hemorrhage. These fluids, when 
administered in reasonable quantities, are absolutely necessary and are life- 
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DISCUSSION 

DR. I. A. BIGGER, Richmond, Va.—Dr. Eaton, it is my pleasure and privilege to 
present to you the Rose Lamport Graff Prize, awarded each year for excellence of work 
done, and presented at this Association’s meeting. The committee this year felt that your 
work was of a very high order, and gives you this award as an indication of that feeling. 
We congratulate you and turn this over to you, and I am quite certain we will hear much 
more from you. 

DR. EVARTS A. GRAHAM, St. Louis, Mo.—I am delighted that the committee decided 
that Dr. Eaton should have this award. I want to tell you a little bit about this work, and 
how it was done, because I think there is a good object lesson in it. 

Dr. Eaton, when in the Army, was assigned to duty in St. Louis, to be in charge of 
the Red Cross blood bank. This was an occupation which did not require all of his time. He 
began to come over to the Barnes Hospital and interest himself in various things, and he 
became very much interested on his own account in the amount of blood loss which was 
going on in connection with operations. 

As a result of that, he has done this work, which I think is very important and very 
beautiful. He had no particular experience or training in physiological experimentation be¬ 
fore undertaking this work. 

After getting along to a certain point, it seemed desirable that he should learn to 
cannulate the right thoracic duct, and so it was suggested to him that it might be well to 
spend some time with Dr. Cecil Drinker. 

The question then arose as to whether he could get away from his job at the blood 
bank in order to do this. It took only a little maneuvering in order to get him relieved 
from duty to go down and spend some time with Dr. Drinker, and when Dr. Eaton came 
back from this experience he was bubbling over with enthusiasm. 

Tliis is only a very small part of the very beautiful and magnificent job that he has 
done. He could have kept ns here all afternoon telling us about the other things. 

I think it is r most significant that he has been able to explain, I think, in a very 
satisfactory way, the intimate connection between pulmonary edema and severe hemorrhage, 
no matter where the hemorrhage is from, whether it is from the lung or big toe or head, 
and of course, having explained the pulmonary edema, it is easy enough to understand 
how to prevent it, and perhaps even to abort it when it is just beginning, because in the 
last analysis, it is a phenomenon of anoxia of the capillary endothelium in the lungs, and 
certainly, therefore, one should take immediate steps to improve the anoxia. 

As he lias already indicated, these steps are, first of all, the substitution of whole 
blood for that wliicli has been lost. Under no circumstances would the admission of unbound 
water be allowed. I mean by that, that an electrolyte solution with no protein to bind the 
water should not be given. That is the worst tiling that can be done. It is far better to 
do nothing than to give a patient unbound water under such circumstances. 

Then of course, one has the possibility of the direct administration of oxygen into 
the lungs under pressure if necessary, and generally it is necessary in order to get the 
oxygen through the film of water that lines the alveoli. 

DR EATON.—I have nothing to add, except to express my appreciation to Dr. Graham 
for all he has done for me. He has done more for me medically than anyone in my experience. 



t’ERICAUDIAL COBLOltIC CYST 

Leon J. Leahy, M.D., and (dy invitation) Gordon J. Culver, JLD. 
Buffalo, N. Y. 

R ECENTLY the opportunity to study a patient who had a relatively rare 
cystic lesion of the anterior mediastinum presented itself. The cyst was 
in close relationship with the pericardium and exhibited interesting radio¬ 
graphic, surgical, and pathologic findings. This case will lm presented, and the 
origin of this and similar lesions will be discussed. 


CASE REPORT 


Mrs. G. I., ngod 60, white, a housewife, wbh referred by: Dr. Leo A. Heilman, Port 
Allegheny, Pa. 

Se/crertftt History .—Tho patient wna admitted to the hospital Jam 20, 1940, complaining 
of horaoptysis, cough, and pain in her right lower chest. She had pneumonia with hemoptysis 
about twenty years previously. Six months following recovery there was anothor attack of 
hemoptysis which persisted over a one and one-half year period. Following this last attack 
the patient was well until July, 1946, when, after a rather exhausting month, she again 
begun to have a cough with production of bloody sputum. These symptoms were present 
intermittently up until two weeks before admission. She had no hemoptysis in the two weeks 
prior to admission, but this reappeared flvo days after admission, wliich was the day follow¬ 
ing the initial bronchoscopy. 

In December, 1045, the patient had a respiratory infection which was accompanied by 
severe headaches and rhinitis. This illness wns followed by an increase in the severity and 
frequency of tho coughing attneks with production of about one-half cup of clear to chunky 
sputum per day. Also following this episode she complained of pain medial to the tip of 
the right scapula. This pain was steady and aching in character, and sometimes sharply 
accentuated by deep breathing. During the four years previous to admission the patient ex¬ 
perienced a weight loss from 140 to 115 pounds. 

Physical Examination ,—Tho temperature was 09.2* F. rectally, pulse was SO, respira¬ 
tion 20, and blood pressure 102/60. The trachea was in the midline. Boepiratory move¬ 
ments were more markod in the upper than the lower chest, and on the left more than the 
right. There was dullness to percussion in the right costophrcnic angle posteriorly, and at 
the level of the fifth rib anteriorly extending down to the costal arch. 

No abnormalities of the heart were noted. 

Roentgen Examination .—The chest showed n well-rounded, sharply demarcated, homog¬ 
enous density on the right side, adjacent to tho midline, blending with the cardiac shadow 
and touching the anterior cliest wall It did not appear to inflltrato the pulmonary par¬ 
enchyma, but rather to be cystic in natnre. Old pleuritic adhesions were noted at tho 
peripheries of both hemidiaphragms. Badiographie studies of the oesophagus and stomach 
were done, and no abnormalities were demonstrated. 

Laboratory Findings. —Urine: trace of albumin; leucocytes present on microscopic 
examination. 

Blood: Bed blood cell count, 4,300,000; hemoglobin, 11.9 (3m., white blood cell count, 
0,600; differential count, normal; Wassemmnn and Knlrn, negative. 

Sputum: (concentration method) negative for add-fost bacilli. 
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Bronchoscopy on Jan. 24, 1946, showed noticing more than chronic bronchitis, the type 
in which the membranes are very dry. There were numerous thin, yellow crusts in various 
places throughout the tracheobroncliial tree. The patient coughed pereistently during the 
bronchoscopy, but no blood was seen. Following withdrawal of the bronchoscope, the patient 
coughed and expectorated a small amount of bright red blood. An indirect laryngscopy was 
done immediately but no source of bleeding was found. The patient was rebronclioseoped 
at once. A small, red polyplike growth was found on the posterior wall of the left bronchus. 
This was biopsied. The sections showed normal mucous membrane. 

The only positive finding on Jan. 30, 1946, was that the branch bronchus of the right 
lower lobe seemed to be partially occluded by swollen membrane and this bled freely when 
a forcep was introduced into the bronchus. 

Correlating the clinical, roentgen, and bronchoscopie findings, it was felt that this 
patient had a benign tumor within the thorax, possibly a dermoid cyst or a bemartoma. It 
seemed most probable, considering the bronchoscopie findings, that the hemoptysis was the 
result of inflammatory bronchial disease and not related to the tumor per se. 

Surgical Findings .—Under intratracheal anesthesia, an incision was made beneath the 
right breast anteriorly. Three inches of the fifth rib was resected with the costal cartilage. 
The lower and middle lobes were rather densely adherent to the pleura. It was necessary 
to remove the sixth costal cartilage before separation of the lower lobe from the mediastinum 
could be accomplished. This was done, and a cyst filled with clear fluid, which was about 
the size of a large orange, was carefully dissected and enucleated from the anterior medias¬ 
tinum. This was removed intact. The attachments were ligated. These appeared to be 
fine fibrous bands containing a small amount of fat but no blood vessels of any appreciable 
size. The medial border of the cyst was in direct contact with the right margin of the 
pericardial sac. Laterally, there was a thin layer of areolar tissue separating the cyst from 
the mediastinal portion of the lower lobe. 

The wound was closed in layers without drainage. 

Postoperative Course .—The postoperative period was without incident. She was out of 
bed on the sixth day. Hemoptysis ceased on the seventh day. Follow-up examination on 
April 25, which was eighty days following surgery, revealed no complaints referable to her 
chest. There had been a weight gain and hemoptysis had not returned. 

Pathology .—The specimen was a pear-shaped, cystic structure that weighed 145 Gm. 
and contained clear, watery fluid. The wall was very tlun and somewhat idented along one 
border. There was very little fat tissue adherent to the cyst wall. Sections taken through 
the cyst showed a fairly clear picture of a simple cyst lined by endothelial cells. Most of 
the cells were flat but some showed a liigh cuboidal pattern. Morphologically these corre¬ 
sponded to mesothelial cells. No liigh columnar cells nor ciliated epithelium were seen. The 
cyst wall was edematous with a moderate inflammatory' reaction. The mesenchymal portion 
consisted of distinctly edematous collagenous fibers. In some areas a few lymph follicles 
were seen with secondary germinal centers. The lining consisted of only one stratum. 

DISCUSSION 

In the literature, numerous cases of thin-walled cystic lesions of the anterior 
mediastinum have been reported. All of these have had one common feature, 
namely, their relationship to the pericardium. 

A total of forty cases of pericardial diverticula were reviewed by Cushing 3 
in 1937. In 1946, Mazer 0 reviewed thirteen additional cases and presented one 
more for a total of fifty-four. However, it was determined that thirty-eight, 
or 72 per cent, of this group were in reality encapsulated pericardial effusions 
(pseudodiverticula) most probably secondary to inflammatory lesions, thus 
bcin (T analagous to encapsulated empyema or effusion of the pleura. This leaves 
only sixteen cases of time diverticula of the pericardium. These have been 
called true “congenital diverticula." 
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Haas* has set forth the theory that these congenital diverticula form at a 
point of weakness in the parietal pericardium, where the fibrous layer passes 
out along the great vessels. . 

In addition to these pericardial diverticula, several cases of thin -walled 
cysts in close relationslup to the pericardium "have' been reported. 

In 1929, Dufour and llourrut 4 presented the incidental autopsy finding of 
a thin-walled cyst arising from tko interior of 7 th^.parietal pericardium in a 
woman, ,8G years old. Thcro was no evidence of infiainmation.as a predisposing 
factor. Histologically, the wall appeared to ho composed of flattened endothelial 
cells. This was interpreted to bo a lymphatic cyst. V '■ - 

In 1934 Picklinrcit 10 removed a thin-walled cyst from the left anterior chest 
of a 53-year-old woman. This cyst lay anteriorly in the chest extending from 
the pericardium to the costophrcnie angle. The cyBt wall showed ii-libra us outer 
layer with an endothelial lining. 

In 1937, a case of mediastinal cyst was presented by ChurchilL 1 This 
patient showed, on roentgen examination, a mass at the right cardiac border 
slightly above the right auricle, which extended anteriorly to the chest wall. 
Tho mass was hcmi-clliptical, being flattened against the heart. It was approxi¬ 
mately 10 cm. in diameter. This was removed surgically. Pathologic studies 
showed an endothelial or mesotlielial cyst and was called a “simple cyst” of 
the mediastinum. 

In 1941 Currcri and Gale 1 reported a caBe of an anterior mediastinal cyst 
which was attached to tho pericardium. Tin's was a thin-walled cyst. No 
comment was included as to the’ histology' of tho wall. The author classified 
this as a “simple serous cyst.” 

In 1943, Greenfield, Steinberg, and Touroff* presented a case of a thin- 
walled anterior mediastinal cyst which had the same location as that presented 
by ChurchilL Tho cyBt was removed and histology of tho wall showed a meso- 
thelial lining. The cyst was thought to bo analogous to that presented by 
Churchill and was called a “spring-water” cyst of the mediastinum. 

In 1945 Einsella' referred to these lesions as "perieardio-phronio angle 
cysts” commenting on the subjective and objective characteristics. 

Prom tho above discussion it can bo seen that there is considerable confusion 
in tho literature concerning tho truo nature of cystic lesions associated with tho 
pericardium, although on close inspection they appear to be very closely related. 

In October, 1940, Lambert* presented two cases of thin-walled thoracic 
cysts and included another from Butler’s clinic in an extremely comprehensive 
paper which serves to correlate all this conflicting data. He offered a simple 
ombryologic explanation for what appears to bo a somewhat eomplox problem. 
This explanation is based on the apponranco of mesenohymal lacunae early in 
tho life of the embryo which eventually coalesce to form tho pericardial coelom. 

It is known that these lacunae are in no way fixed in their relationship to body 
segments. Connections between tho pericardial eoolom mid the plonroporitoneal 
coelom develop. Later, separation of the plouroperitoncnl coelom into two parts 
occurs. Lambert mentions various congenital anomalies which occur in failure 
of such normal developmental processes. 
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The important point to appreciate is tho variations which may occur in the 
development of the lacunae which later form the pericardial coelom. These 
arc listed by Lambert as follows: 

1. Inequality in the developmental rate of one of the primitive lacunae 
which later form tho pericardial coelom. This could easily explain the develop¬ 
ment of a true congenital diverticulum. 

2. Failure of one of the primitive lacunae to merge with the others could 
well result in an independent cavity. That is, a cyst would bo formed which 
could best be classified as a pericardial coclomic cyst. 



yi%. 2.-—Drayring of Intact ttpfdmen am] photomicrograph of endothelial lining of the cy»t wall. 

Our thought is in accordance with Lambert. That is, we bclievo that all 
pericardial, or ao-ealled "thin-walled” cysts of tho nnferior mediastinum in 
close association with the pericardium and “truo pericardial diverticula,” rep¬ 
resent one and the same process. They are both developmental anomalies and 
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not some obscure pathologic process to be identified as something different by 
each investigator who observes one of these relatively rare lesions. 

For completeness, we must include a brief differential diagnosis of other 
cystic lesions which are found in the thorax. Echinococcus cysts exhibit a 
characteristic linin g membrane. Embryonal cell-rest cysts from the respiratory 
and alimentary tracts show a cellular structure that readily identifies them. 
Dermoid cysts and teratomas likewise have a distinctive composition. Lym- 
phagiomas represent a type of cystic tumor resulting from malformation of a 
group of lymph vessels, and are, therefore, of congenital origin. The histology 
of their walls is indistinguishable from that seen in pericardial coelomic cysts, 
so such an examination alone is insufficient for differential diagnosis. However, 
grossly lymphangiomas show multiple pockets with actual invasion of the sur : 
rounding tissues by the cystic tumor. The intimate association of these tumors 
with surrounding tissues makes enucleation at the time of removal quite difficult. 
These gross differences make it easy to distinguish between pericardial coelomic 
cysts and lymphangiomas. 

It must be noted that the above differential study is entirely on a pathologic 
basis. The preoperative, clinical, and roentgen diagnosis is more difficult. How¬ 
ever, the possibility of a pericardial coelomic cyst must be considered, when 
we discover a cystic tumor of the anterior mediastinum. 
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THE REMOVAL OP FOREIGN BODIES PROM THE PERICARDIUM 

AND HEART 

A Moving Picture Demonstration 

Dwicuit E. Harken, M.D. 

Boston, Mass. 

/COLORED moving- pictures demonstrated the removal of a foreign body 

-from an abscess in the pericardium and two operations for the removal of 
oreign bodies in chambers of the heart. These operations were taken from a 
senes of operations in which 134 missiles were removed from (lie mediastinum. 
Of these foreign bodies, flfty-flva were pericardial and thirteen were in the 
chambers of the heart. Seventeen enrdiotomies were performed. There were 
no deaths. 

Detailed discussion of the teclmique of enrdiotomy for shell fragments in 
all four chambers of the heart is presented in a separato publication. 1 Further 
comments about the behavior of the heart during manipulation with eleelro- 
oardiograpliic responso to trauma, are also presented elsewhere.* 

It was felt that certain foreign bodies should he romoved from tho heart: 
(f) to prevent embolus of tho foreign body or associated thrombus; (2) to re¬ 
duce the danger of bacterial endocarditis; (3) to avoid recurrent pericardial 
effusions; and (4) to rcduco damage to the myocardium. Also, it is parenthet¬ 
ically added that pain and cardiac neurosis may be factors influencing the de¬ 
cision to remove some cardiac missiles. 

It is emphasised that more foreign bodies, presumably within the heart, 
were allowed to remain unoperated than wore removed. These were all asymp¬ 
tomatic. 

It may bo of interest to note that more than one-half of the patients referred 
to the thoracic center at the 160th General Hospital in tho United States Army 
in the European Thoater of Operations as having foreign bodies "in tho heart” 
were found not to have these missiles in tho heart when careful flnoroscopie ex¬ 
amination was done. Furthermore, it was pointed out that approximately one- 
third of the missiles previously considered to be intrncnrdioc, were not found in 
tho heart at surgical exploration. These two factors make one feel that a foreign 
body cannot be conclusively diagnosed as intracardiac in position without 
surgical or autopsy exploration. In short, some of the coses of foreign body 
in the heart reported in the medical literature may not have been in tho heart 
or its chambers. This would tend to make us feel that intracardiac foreign 
bodies are porliaps more hazardous than a straight statistical study of reported 
eases might indicate. 

The experience represented in reports in tho medical literature and in our 
own clini c clearly indicates that a large number, if not the majority of intra- 

Presented at the Twenty-Sixth Annual Meeting of The American Association for Thoracic 
Surgery* Detroit, inch.. May 29. SO, and 31, 3MO. 
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cardiac missiles, may remain benign indefinitely. Conversely, our own observa¬ 
tions and those of our colleagues lend clinical support to our view that some 
missiles should be removed for the outlined reasons. 

OPERATION i 

This operation was performed to remove a foreign body that could not 
be rotated out of the cardiac shadow on fluoroscopic examination. It was 
thought that it might lie in a herniation of the floor of the right ventricle. An¬ 
terior thoracotomy was effected through the left fourth intercostal space and 
extended transversely across the sternum. The pericardium was opened trans¬ 
versely. The exposed heart was kept moist with 1 per cent novocaine solution. 
When the pericardium was opened, the heart was small, firm, and readily con¬ 
tained within the pericardial sac. Exploration indicated that the missile lay in 
ah abscess containing 18 c.c. of purulent material. (On culture it grew 
Clostridium welchii.) In order to expose the abscess and contained missile, the 
heart was lifted upward and forward out of the pericardial sac. This disloca¬ 
tion of the heart produced marked irregularity and cardiac dilatation. Electro¬ 
cardiograms taken at the time in Lead II showed prolongation and slurring of 
the QRS complex interpreted as right bundle branch block. The P-R interval 
varied, and at one time the P wave disappeared as nodal rhythm supervened. 
Normal rhythm was resumed at the end of the maneuver. The pericardium was 
washed with saline after the missile had been removed and associated pus and 
debris had been excavated. The pericardium was closed with interrupted No. 0 
chromic catgut sutures, leaving only a lateral window for decompression into 
the left pleural space to avoid tamponade. One hundred fifty thousand units 
of penicillin were injected into the pericardial sac through the decompression 
window. 

The sternum was firmly reconstructed with silver wire and the ribs were ap¬ 
proximated with pericostal sutures of double No. 0 chromic catgut. The muscles 
and fascia were then closed with interrupted No. 0 chromic catgut sutures and 
the skin edges were approximated with silk. The pleural space was not drained. 

The patient made an uneventful recovery and the right bundle branch 
block cleared within forty-eight hours. 

Discussion .—This sequence was presented to demonstrate: (1) the well- 
established fact that the heart does not tolerate dislocation from its position of 
optimum function. In this and other similar cases, it was found difficult to 
alter the position of the heart without interfering witli its filling or emptying. 
(2) The value of firm reconstruction of the thoracic cage after cardiac exposure. 
This seems particularly important in firm sternal fixation as it reduces (a) 
postoperative shock and (b) postoperative bleeding. (3) The use of inter¬ 
costal block with novocaine in oil before spreading the ribs. This reduces the 
shock of the operation and the postoperative discomfort of the patient. (4) The 
use of 1 per cent novocaine bath of the exposed heart to reduce cardiac irrita¬ 
bility by (a) keeping the exposed heart moist and (b) by possible specific de¬ 
pressor action of the novocaine on the heart muscle. 
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OPERATION II 

Cinefluoroscopic studies of a foreign body, presumably in the right ven¬ 
tricle, were shown. These were taken on one of our patients by Professor 
Barclay of the Nnfllold Institute of Roentgenology at Oxford. These cineflu- 
oroscopic studies were presented to illustrate the value of fluoroscopic studies 
in localizing foreign bodies that lay in or in relation to the heart. 

This operation was presented to demonstrate the removal of a missile from 
the chamber of the right ventricle. The pericardium was exposed through a 
loft anterior fifth interspace incision. The fourth, fifth and sixth costal car¬ 
tilages were divided near the sternum. The left pleural space was freely opened 
in the usual fashion. The pericardium was opened transversely down to the left 
phrenic nerve. The missile in the right ventricle could be readily palpated. 
The eardiotomv site was dictated by a rone of myocardial damage overlying the 
contained shell fragment. (The rone of damage to the heart wall was produced 
by the massaging action of the muscle over the jagged metal.) Two staggered 
rows of hemostatic “U” sutures of No. 0 chromic catgut wore placed about 
the damaged rone—the site for cardiotomy. Each suture was then tied loosely 
down to the myocardium to minimize tbo bleedmg about the sites of suture per¬ 
foration. The inner row of hemostatic sutures was then held in the assistant’s 
hands. The opicardium was incised. Tiie grasping forceps were then thrust 
into this chamber of the heart and tiie missile was grasped and tensed around 
the papillary muscles and chordao tendineae to tho heart wall. During this 
manipulation, it was possible to stabilize the missile and pinch off tbo apical 
portion of the right ventricle between the operator’s left thumb on the an¬ 
terior surface of the right ventricle and his left middle finger on the 
diaphragmatic aspect of tho heart. In t liis semi-isolated fashion, the grasping 
forcops were maneuvered about in tho chamber for more than three minutes. 
Forced transfusion of 1,000 c.e. of fresh whole blood was used to replace the 
loss of approximately 800 c.c. of blood from fhc heart. This blood replacement 
was effected during the manipulation and the succeeding fifteen minutes. As 
soon as the missile had been removed, the inner row of hemostatic sutures was 
crossed and tied. The outer row was then crossed and tied over a small free 
patch-graft of pericardium. A second, larger, free patch-graft of pericardium 
was tacked in place with interrupted No. 0 chromic catgut sutures. The anterior 
portion of tiie pericardium was then closed with interrupted suturas, leaving a 
decompression window 2 by 5 cm. in size in the lateral angle of the transverse 
pericardial opening. This allowed blood and effusion to escape into the left 
pleural space and safeguarded against the occurrence of cardiac tamponade. 

The chest wall was then reconstructed in layers. Air was aspirated through 
a catheter ns the left lung was expanded by tbo anesthetist. 100,000 units of 
penicillin were then injected into the pleural space through the catheter and tho 
catheter was withdrawn. The pleural space was not drained. The patient made 
an uneventful recovery. 

Discussion .—This sequence was presented to demonstrate: (1) Cine- 
fluoroscopic studies of an intraenrdinc missile. (2) A technique of enrdiotomy. 
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( ) Partial^ isolation of a portion of the right ventricle and open cardiotomy 
m that region for more than three minutes without fall of the systolic blood 
pressure below 110, This maintenance of effective blood pressure was due 
(a) to continued function of the remainder of the right ventricle and (b) to 
rapid blood replacement. (4) The importance of maneuvering the missile out 
through the forest of papillary muscles and chordae tendinea rather than by 
simple extraction at first blind grasp. (5) The use of free patch-grafts of peri¬ 
cardium over the incised zone in the right ventricular wall. (6) The preference 
for the use of - wide, transpleural exposure for operations on the heart and 
- adnexa. 


operation ru 

This was the third and successful cardiotomy for the removal of a missile 
that had migrated from the right ventricle to the right auricle at the first opera¬ 
tion and from the right auricle to the right ventricle at the second operation. 
The technique of this intracardiac manipulation was essentially similar to op¬ 
eration II. The patient made an uneventful recovery. 

Discussion .—This case was presented to demonstrate: (1) The use of the 
reverse Trendelenburg position and elevation of the patient’s right side to pre¬ 
vent migration of the missile from the apex of the chamber of the right ven¬ 
tricle. (2) The use of an adherent pericardium to support sutures in the right 
ventricle. (3) Solid healing in a previous cardiotomy site that had been closed 
by No. 0 chromic catgut sutures and free pericardial patchgraft. (4) Damage 
to the myocardial wall by movement over an irregular fragment in the chamber 
of the heart. This damage was manifested by discoloration, flabby texture of 
the muscle, and paradoxical motion in the damaged zone. 
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DISCUSSION 

DR. HARRY R. DEC KE R, Pittsburgh, Pa.—This has been an amazing exposition 
of the technique and results of removing foreign bodies. 

In my review of 100 cases in which missiles were removed from the heart, either the 
chambers or the muscle, prior to 1939, there was a mortality of about 20 per cent, and it was 
even a higher relative mortality in the eases in which the missiles were removed from the 
chambers. 

I think that it can be said that at least half of the mortality resulting from the attempt 
to take foreign bodies out of the heart, of either wall or chambers, was the result of infection, 
setting up blood stream infection, or pericarditis, pneumonitis, or empyema. 

We are better protected now, with the advent of the sulfa drugs and penicillin, in the 
prophylactic use against this very definite factor of mortality. Nevertheless, the success here 
has been due to dexterity and technical skill. Certainly the soldiers in this war are benefiting 
by a greater s kill than did the soldiers in the last war. 

The important thing is to decide wliich patients should be operated on and which should 

not. 
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The mortality statistics resulting in the lost war showed that patients left with foreign 
bodies in the heart or in their chambers succumbed eventually in just about tho same percentage 
ns those that were operated upon. It would seem, therefore, that it was a standoff between 
conservative treatment and radical treatment. 

Statistics do not mean very much. Tho last answer is that the cose should be considered 
on an Individual basis. Each cose should be decided with refer once to the patient's symptoms 
interference with cardiac function, and neuropsychiatric reaction. 

My interest in this subject was stimulated by a man who was incapacitated from 
economic inability to earn his living, because ho had tho knowledge of a foreign body which 
was really extraperl cardial, although at tho time we considered the case wo thought it intra- 
pericardinh When several different surgeons, including Frank Dolley, who saw the patient for 
me in California, finally convinced tho man that tho foreign body was in a location where it 
would nover do nny harm, ho finally got back to a gainful occupation and was very haunv 
aboutiL 

We have pationts who may need radical surgory to got thorn ovor their symptoms and get 
them back into ordinary gainful work. 

DB. HAUL 0. SAMSON, Oakland, Calif.—We lmvo all been tremendously interested 
in this exposition of Dr. Harkon'a today and are thrilled to know that the risk of operation 
is certainly remarkably less than it has been in tho past. 

I believe nnd I am certain Dr. Harken agrees, that the advisability of removing 
foreign bodies cannot rest with a scries of patients in which foreign bodies hare been re¬ 
moved, until it is compared with similar patients in whom foreign bodies havo been allowed 
to remain for a period of years nnd until patients of that typo nre evaluated very 
carefully as to complications. That, of courso, must come with further study of cnees which 
somo of us may bo able to garner from this war. 

It might bo interesting to compare tho removal of foreign bodies in a base section 
center, which has been so ably demonstrated, with the removal of foreign bodies furtbor 
forward in military operations. 

At the end of the war, I had tho opportunity of reviewing the surgery which was 
performed by surgeons of tho Second Auxiliary Surgical Group, and a series of 75 heart and 
pericardial injuries were thus reviowod. Tills group formed 3.8 per cent of all the penetrating 
thoracic and thoracoabdominal wounds which members of the unit saw. In the series, 21 
had foreign bodioa, which were described in or about tho heart and pericardium. It is of 
interest that 12 of these were not removed at the time of surgery, for one reason or another. 
Frequently removal was not nndortnken because tho patient's condition did not warrant 
farther scorch. 

Among the 21 cases tliore were eight deaths which occurred in forward hospitals, 
but on as careful a survey of the record as possible, it seemed that only two of the deaths 
were due directly to tho forolgn body itself. One of those to which I will refer later was 
from a missile embolio to tho right ventricle, and the other was from a large fragment lying 
in a depression underneath the sternum. The deaths la the othor sir were not bcliovod 
to be due to the presence of tho foreign body. 

We felt, therefore, that in all probability, unless tho foreign body gave rise to definite 
symptoms during the first few days, when tho patient was undor observation at a forward 
hospital, it would probably bo better to allow him to return to base section where further 
studies could be made and perhaps n leisurely approach to the removal of the foreign body 
would bo possible. 

Ono fatality was obviously due to an embolic foreign body. This patient was shot In 
tho right flank by a shell fragment, which entered tbo cecum nna disappeared somewhere 
in the midline. Laparotomy was done, the cecum repaired and the foreign body not found. 
Several days later he complainod of chills and fever, and x-ray showed a definite shadow of a 
foreign bhy just below tbo diaphragm. He was believed to have malaria nt oae time, 
because of questionable positive smears, although It was never proved. 
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ie patient seemed to recover, and on the tenth or eleventh day was evacuated and 
"as dead on arrival at another hospital. Autopsy showed the missile lying in the right 
T entricle, having been washed up into the heart. The overlying myocardium for a distance 
of seiernl centimeters was black, and death was due to the presence of the foreign body and 
the squeezing action of the myocardium on that foreign body. 

One word, Dr. Beck, in connection with your speaking of the cardiac contusions,- we 
had an interesting series of 26 cardiac contusions with and without laceration. These were 
proved to be contusions when the chest was opened for other reasons. 

Contusions are very serious. There was a 40 per cent cardiac mortality, in this group. 
The patients stood operation very poorly, and I am sure that as time goes on, having seen 
so many of these contusions directly, we will be much more aware of them during civilian life. 

DB. HENRY A. BROOKIN', Newark, N. J.—I would like to relate briefly a very 
unusual case not only pertinent to the paper under discussion but also apropos to the papers 
discussed on the subject of decortication of the lung. A similar principle is involved surgi¬ 
cally and pathologically. 

At. the 3 5tli General Hospital in Liege, Belgium, we received an officer who had had 
amputations of both legs as a result of an exploded land mine about one week before. The 
amputation stumps were encased in an adequate skin traction apparatus. The patient was 
anemic, dyspneic, apprehensive; and had an elevated temperature ) small pulse, and low blood 
pressure. Veins of the neck were prominent and appeared distended. X-ray of the chest 
disclosed an enlarged cardiac shadow suggestive of a pericardial effusion with several 
small pieces of shrapnel superimposed on the cardiac shadow. The pericardial sac was 
aspirated and about 150 c.c. of a dark, brownish-red, bloody fluid was obtained. Following 
this there was a dramatic improvement in the patient, respiration and pulse improved and 
blood pressure rose to 110 systolic. Several days later he relapsed into his former condition 
and another pericardial tap was attempted and only about 10 c.c. of similar fluid was ob¬ 
tained. Cultures of fluids were negative. There was no improvement, and the patient’s 
condition became progressively worse until he became semicomatosc. Blood pressure fell 
to about 88/66, pulse wns of small volume, veins of the neck quite prominent. Liver enlarge¬ 
ment could not be definitely ascertained. 

It was felt that we were dealing with a clotted hemopericardium that was contracting 
and interfering with cardiac diastole and had resulted in tamponade of the heart. In view 
of our experience with clotted hemothorax, it was felt surgically feasible to explore the 
pericardium and possibly relieve the compression of the heart. Under local anesthesia the 
pericardium was opened and the exact pathology was found here, as we saw in hemothorax. 
The pericardium was thickened, and soft fibrinous clqt was removed with loculations of 
fluid. After incising the exudate over the heart, the encasing membrane could be peeled 
off with the finger in the same manner as it was done over the lung. When the heart was 
uncovered, the pericardium could be seen smooth and glistening and now the cardiac 
contractions, which had been comparatively slight, were strong and vigorous. The improvement 
in the pulse, pulse pressure, blood pressure was dramatic. An opening was made in the 
pericardial cavity into the pleural cavity so that any further oozing would go into the 
pleural cavity. The operative wound was closed without drainage. The improvement in the 
patient was rapid and dramatic. This was the first and only decortication of the heart for 
hemopericardium. 

In addition I would like to mention briefly one patient who was evacuated into our 
hospital who had a left parasternal wound about the left third rib 2 inches long that was 
healed. He was sitting up perfectly comfortable in bed without any complaint. On looking 
at Ins'x-ray there was a large metallic shadow partially within the cardiac silhouette and 
in the left hilar region. At first this was thought to be the soldier’s aluminum identification 
. jj e im q pe en evacuated from two other hospitals with similar pictures. It was not 
uncommon to see identification tags in the neighborhood of the upper mediastinum displayed 
■ x-ray. Further x-rays, however, disclosed this shadow to be a large shell fragment approx- 
■” atelv 2 inches long, about 1 inch wide and * inch in thickness weighing 100 Gm. This 
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roans was removed under general nno>thosin nnd found in n loenlired infected cnxity resting 
on the ecmvc'x surfnee of the pericardium nml heart in the left anterior mediastinum. This 
Icfient rondo nn uneventful recovery. 

T]iia case is mentioned Inmuso of the unusually large shell fragment noting on the 
neart and producing no symptoms. 

UR, LAURENCE MI8CALL, New York, X. Y.—In our center in Northern England, 
^uito similar to the one in which Dr. Harken operated in Houthem England, we did 440 
thoracic cases in seven mnntlis. Of that number, 10 per cent were foreign bodies involving 
cither the pericardium, the lie-art, or the great vessels. 

Tlic vast majority of these patients were referred to us by the medical services in 
the associated general hospitals for which we were lesponsihle. They were admitted for several 
reasons. Some came for elective removal of nn nsymtonmtic foreign body. These mainly 
involved the |>ericnrd}um. However, we did see a fair nund>er of foreign bodies In the wall 
or chambers of the heart and tho imricardium. Many had been observed in other gcnoml 
hospitals for a period of time with apparent recovery. Some of theso pntlents then had 
acute attacks with severe shock resembling coronary thrombosis or pericarditis. 

MV easily removed many such foreign bodies, with excellent results. 

Here nro n few slides which will illustrate why we removed some of them. 

(Slide.) This is n first x-ray on a patient after he nrrivod nt the thoracic center. He 
cam© for treatment of extensive empyenm. 

(Slide.) Ho had lmd decortication, und in none of the routine x-rnvs up to this time hnd 
thlB ventricular foreign IkhIv l>een demonstrated. 

(Slide.) Tlds happened to be foreign bodies in tho anterior wall of the right ventricle. In 
removing, we found we had some difficulty because one of them did slip into tho lumen of 
the heart. In removing theso wc placed a hammock of line silk sutures directly undor the 
foreign body. They traversed tho cardiac lumen. They steadied the missile nnd heart daring 
removal. The foreign body could then he attacked by shnrp dissection. After visualisation 
nnd removal, hemostasis was established easily by crosa-tcnsion on the Immmock sutures. 
After the cardiac dofect was closed !*y a few fine interrupted sutures, the hammock ones 
were cut clo*e to the heart nnd pulled out. We found tlds more satisfactory than any other 
mothod. 

(Slide.) This is the postoperative result. 

(Slide.) This shell fragment proved to bo in the right pulmonary artery. Just previous 
to this time, the right fcmornl region had l>con explored unsuccessfully for a foreign body. Tho 
patient complained of sadden pain in the right chest during the procedure. With tins history 
nnd theso plates wc mado diagnosis of pulmonary embolus (shell fragment from femoral 
region) which is visualised here. 

(Slide.) We opened his chest nml removed tho foreign body from the right pulmonary 
artery. Part of the lower lobe which hnd sloughed was resected and tho right middle lobo 
laid over it. 

(Slide.) An nrtcriovenons flstnla opened nnd caused this dilatation of the heart. AVo 
stretched the sphere of thoracic surgery a hit to interrupt the fistula with re[*«ir of both tho 
artery- nnd vein. These plates, taken on .Tnnunrv .10, nnd Fobnmry 10, show this rapid 
toco very. 

(Slide.) This patient had nn abdominal exploration for removal of this foreign body 
and suture of lwwoL The foreign body was not found In tho abdomen. TIo complained soon 
of precordinl pain and was transferred to tho center. On these plates and fluoroscopy wo made 
a diagnosis of right ventricular foreign body. 

(Slide.) It was removed from the right ventricle nnd hero are his postoperative plates 
with apparent recovery. 

(Slide.) Thitj patient came to the thoracic center because of repeated homatcmesls. 

(Slide.) Those plates showed tlie foreign laxly adjacent to a bronchus. Its tip was 
visualised through a scope on the left just below the upper lobe branch. It was not disturbed 
since we lind seen ouo such removal followed by severe hemorrhage-into the ’bronchial tree. 
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0 e explored the chest, (slide) mobilized the pulmonary artery, removed the foreign body 
and sutured the defects with excellent results. This patient went back to duty. 

(Slide.) This patient with a foreign body in the superior vena cava had these almost 
norm x-ray plates taken about three weeks after injury. He had almost negligible hemothorax 
m Jus original plates. 

. (Slide.) This was removed easily by placing all sutures and controlling the circulation 
before extraction. Uneventful recovery followed. This is the postoperative plate (Slide). 

Just what we accomplished in all of these cases is perhaps a question to be settled. 1 
think we aided some of our patients, and especially those with embolic foreign bodies. 

Of great importance is the demonstration that, with good anesthesia and trained teams, 
the elective removal of the foreign bodies of the heart can be an entirely safe procedure. We 
removed thirty-nine without any deaths. 

It would be instructive to try to make a survey over the years of just what is the 
outcome after the removal of these foreign bodies. 

DR. JEROME R. HEAD, Chicago, El.—Certainly one of tire important differences 
between the recent war and World War I was the efficiency of the medical organization 
and the early and successful application to the ill and injured of modem medical and surgical 
measures. This was particularly true of thoracic surgery, which developed from terra 
incognita into a major and well-developed specialty between the two wars. 

Because I was not active in this war, I hesitate to discuss the papers of the men who 
have been active and have done such excellent work, and do so only because I have been iu a 
position to see and evaluate the late results of thoracic injuries and intrathoraeic foreign 
bodies in the veterans of the first war. In a very large diagnostic, rating, and chest surgical 
service at Edward Hines, Junior, Hospital, I have seen all of the major thoracic problems which 
have developed in the veterans in the Mississippi Valley between 1926 and 1946. Certainly 
during the last war many foreign bodies were left in the chest and yet during that time we 
have seen only two cases in which they were causing trouble. Both of these patients had 
repeated severe'hemoptysis. In both cases the foreign body was a rifle or machine-gun bullet. 

PRESIDENT CLAUDE S. BECK, Cleveland, Ohio.—I should like to make one or two 
critical remarks about Dr. Harken's interesting demonstration. 

Tn Ms first operation as shown in the motion picture the approach was to the left 
of the sternum and the foreign body lay to the right of the sternum. The sternum was cut 
across to get exposure. The sternum would not need to have been cut across if the approacli 
had been made to the right of the sternum. 

My second comment concerns the procedure made in removing the foreign body in the 
wall of the right ventricle. I believe the loss of blood could have been reduced by using a 
different technique, and would like to suggest in such a case the use of mattress sutures 
through the two walls of the ventricle so that the foreign body is exteriorized to some 
extent from the cavity of the heart. These mattress sutures can be held with some traction 
so that when the heart is opened the amount of bleeding cau be controlled to some extent. 
This method has the additional advantage of fixing the foreign body in position so that 
it is not dislodged into the cavity of the heart during the manipulation of extraction. 

DR DWIGHT E. HARKEN.— On reviewing Dr. Decker's article, I was impressed with 
the fact that many of the foreign bodies that were said to be in the heart were so described on 
the basis of roentgenologic evidence alone. I am sure this will he Dr. Decker’s recollection 
of various cases that he assembled from the literature. 

It was interesting to note that in our own experience less than one-half of the foreign 
h di sent to ua as "in the heart” on x-ray evidence alone, were thought to be in the 
1 rT after fluoroscopic examination. It seems entirely likely that some of these cases of 
iea lied “foreign body in the heart” might have reached the medical literature if we had 
S °otrotated the patients on fluoroscopy very carefully and found that they could be separated 
from the cardiac shadow. 
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Another factor is that, of thoso missiles that we thought might bo in the heart, one-third 
at the time of surgical intervention were found to be, in fact, cxtmenrdmc in position. They 
might have been well within the sliadow of tho heart, but on exploration were found to Iio 
high in tho auriculnr-vcntricular groove. Those facts tend to mako gross statistics derived 
from all cases roportod in tho literature, falsoly optimistic. 

In short, I am sure Dr. Deckor will agree that one-should not accept tho statistic* 
on foreign bodies in tho honrt unless they luivo been established ns in tho heart by operation 
or autopsy. 

X was pleased to hear him dipeuss the psychological reaction of the pationt During 
the coarse of the evolution of our rationale, I sought tho best counsol available. Being in 
England, one of tho men was Professor Gray Turner. He said, "In addition to the factors 
that you montion, young fellow, a great deal will nlso depend upon the individual's reaction to 
the knowledge that ho harbors on unwelcome visitor in pno of the citadels of his well-being.” 

I particularly appreciated Dr. Samson’s comments nnd tho addition of a enso that 
does support our rationale for tho removal of some of these cardiac foreign bodies. Dr. 
Samson has said privatoly, he is sure that this patient could have been salvaged by the 
removal of the foreign body. 

I emphasise again tho fact that wc elected to leave more tluin wc removed. It has been 

quite clear that wo are not sure of tho ultimate fato of theso people, but at least they 

ore now all clinically well, and there were no surgical dontlis. 

Dr. Miscall added vory interesting embolic cases. I lmve removed three embolic shell 
fragments from intrathoruclc blood vessels, two to tho pulmonary artory and one to tho 
innominate artery. All patients did very' well. 

As to Dr. Beck's comment about the exposure of the first foreign body, X nm sure 
that ho is right. Wo might have done bettor to use a sternal dividing incision or even a 
similar approach to tho ono used, bat an interspace lower and on the right sido, and attained 
much readier access to tho foreign body. That case was presented to demonstrate the point 
about dislocation of the heart (that admittedly was forced upon me by the use of an 
improper incision). The production of right bundlo branch block is significant. 

Dr. Beck's second suggestion, namely, a sling suture might be used for fixation of the 

missUo before opening the vontriclo, is well taken. This technique was never used, however, 
for fear that tho missile or associated thrombus might be dislocated in the maneuver before 
I gained control of tho fragment by tho open technique. This missilo was the only ono that got 
away. 

I hope we havo learned more from this than flint we can remove foreign bodies from 
the heart, and that wo havo oddod to our understanding of the behavior of the heart during 
manipulation. 



THE USE OP FLUORESCEIN TO DEMONSTRATE THE EFFECT OF 
ARTIFICIAL RESPIRATION UPON THE CIRCULATION 

Samuel Alcott Thompson, M.D., F.A.C.S., Kttrt Lange, M.D., and 
Edward Ernest Rockey, M.D. 

New York, N. Y. 

T TNTIL recently, no satisfactory method was known for demonstrating the 
^ effeet of artificial respiration upon the circulation of the blood alone. 
This effect can now be observed by the use of tracer substances injected into 
the vascular system of animals. This is done immediately after death from 
asphyxia when there is no active heartbeat. The tracer substances which we 
have used are: radioactive sodium, 1 oxygen, 2 and fluorescein. This report de¬ 
scribes the use of fluorescein onlj'-. 

The pui-pose of this study was to determine the effect of inflation and de¬ 
flation of the lungs upon the circulation, using a tracer substance, fluorescein, 
which is grossly visible with the aid of an ultraviolet light. Also to observe 
the extent of any movement of the blood column produced by such pulmonary 
inflation and deflation. 

Nineteen experiments were performed on dogs. 

TECHNIQUE 

A medium-sized dog was anesthetized by the intraperitoneal injection of pentothal 
sodium. An endotracheal tube with occlusion cuff was inserted. The occlusion cuff was in¬ 
flated to make the tube leakproof and to provide a direct communication with the lungs. The 
femoral artery and vein on one side were exposed, and 20 to 40 mg. of heparin were injected 
into the vein. Approximately ten minutes later, the endotracheal tube was completely clamped 
off. The dog succumbed to obstructive asphyxia in about eight to ten minutes. Following 
the cessation of respiration and cardiac function, the tube was left clamped for an additional 
twenty to thirty minutes to insure no subsequent heart activity. In many of the animals, 
electrocardiograms were taken to demonstrate that the heart had completely ceased to function. 
After this time, the animal was placed on an inclined plane with the head elevated about 
10 degrees and 2 c.c. of a solution of fluorescein was injected into the femoral vein or artery. 
The endotracheal tube was unclamped and connected to a resnscitator. 

The resuscitators which were used delivered either positive pressure only or negative 
pressure only, or positive pressure alternating with negative pressure. The pressures were a 
maximum of plus 14 mm. of mercury and minus 9 mm. of mercury.* The rate was sixteen to 
twenty per minute. 

The inflation and deflation of the lungs was continued for approximately one hour, 
during which time frequent observations were made with an ultraviolet light for evidence 
of fluorescein in the skin or mucous membranes of the oral cavity. 

Fluorescein is a substance having the property of emitting a very intense golden- 
green light when it is illuminated by ultraviolet light of approximately 3,600 angstrom units. 

From the Thoracic Surgical Service of the New York Medical College, Flower and Fifth 
Avenue Hospitals, and the Metropolitan Hospital. 

Aided by a Grant from the John and Mary R. Markle Foundation. 

■ Received for publication Nov. 22, 1940. 

‘ •The resuscitators were built by the J. H. Emerson Company. 
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This U just nt tluj bordorlinc of the visible* light. Fluorescein seems to be hontoxic and to have 
no effect whatsoever on tlie vascular system. It has a small molecule (molecular weight, 328) 
and therefore diffuses rapidly into tlie Interstitial spaces if and when a filtration pressure 
Is present in the vnscnhir system. A 5 per cent solution of fluorescein to which was added 5 
per cent of sodium bicarbonate was used.* Under normal circumstances, it is rapidly excreted 
into the urine. A small, inexpensive morenry vapor bulb covered by a double layer of purple 
Coming Glass No. 387 was used as a light source! and aftor the injection of the fluoreecsein 
solution, tho entire body surface of the animal and tlie oronasal mucous membranes were 
exnmined at short intervals for tlie first typical luminous nppenmneo of tho dye. The intra¬ 
vascular injection of fluorescein has many applications in the determination of circulatory 
sufficiency in different areas of tho body and 1ms been described in detail elsewhere.*-o 


Experiments with Positive and 
Negative Pressure Resuscitation. 



Appearance of the Dye in the Order of its Frequency 


Chart 1.—Appearance of the dye at various sites when altematlns positive and negative pres¬ 
sures aro used. 

Tlie types of resuscitation used were alternating positive and negative pressure, posi¬ 
tive pressure only, and negative pressure only. 

In nine experiments, alternating positive and negative pressure resuscitation was used. 
The fluorescein was Injected into the femoral vein In six, into tlie femoral artery in three 
experiments. The time elapsed between the beginning of resuscitation and appearance of dye 
in the oral cavity or conjunctivas varied from ten to thirty-seven minutes. 

Autopsies were performed on nine dogs after twenty-two to eighty-one minutes of 
resuscitation and the presence of the dye in the various parts of the body was noted. In 
the order of frequency, it was observed in the following sites. (See Clrnrt L) The numbers 
after the organs listed refer to the number of times the substance was found: oral cavity 
(8), lungs (7), heart (6), liver (0), conjunctive (6), intestine (5), coronary ressols (4) 
vena cava (4), mesenteric vessel (2), intercostal vessels (2), pericardial vessels (1), nasal 

•Supplied In ampules by C. F. Kirk & Co, 

tSuppHed by George W. Gates and Co. 
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Detween the toes and under the toenail (1). v 1 

Complete autopsies were not made in all animals and that fact accounts for the ap¬ 
pearance of the dye reported in the oral cavity and not reported in the other organs. The 
Dram was autopsied in only one animal. 


. . 77° CXpenmcnts wcre done with negative pressure only. In both occasions the dye was 
injected into the femoral vein and autopsies performed in forty-five and forty-four minutes 
respectively, after the beginning of resuscitation. The dye was found to be limited mostly 
to the venous side of the vascular system. At autopsies the dye was found in the following 
sites in order of its frequency (see Chart 2): vena cava (2), lower abdominal wall (2), 
heart (1), lungs (1), liver (I), gall bladder (1), sigmoid colon (1). 


Experiments \a/ith 
NEGATIVE PRESSURERESUSCITATION 



Appearance of the Dye in the 
Order of its Frequency 

Chart 2.—Appearance of the dye at various sites when negative pressure only (suction) was 

used. 


Four experiments were done with positive pressure only. The dye was inj'ected into 
the femoral vein in two experiments and into the femoral artery in two experiments. The 
fluorescein was first observed within the oral cavity after sixteen to thirty minutes following 
the beginning of resuscitation. Autopsies were performed after twenty-nine to forty-six 
minutes of resuscitation and fluorescein was found in the following sites in order of its fre¬ 
quency (see Chart 3): vena cava (4), oral cavity (2), liver (2), kidney (2), lower ab¬ 
dominal wall (2), conjunctivae (1), axilla (1), lungs (1), gall bladder (1). 

Four control experiments were performed. In one, fluorescein and heparin were used 
as in the other experiments but no resuscitation procedure was used and the dog was kept 
in a horizontal position There was evidence of some local and downward diffusion of the 
fluorescein. In one, the diffusion was of a local nature, since this dog was in Fowler's position 
during the experiment. Two experiments were done without the injection of heparin. In 
both occasions, clotting of the blood prevented the movement of the blood within the vascular 
bed in spite of the resuscitation procedures. 
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DISCUSSION 

These experiments demonstrate that the inflation and deflation of the lungs 
produces a movement of tho blood in tho vascular system. By the use of a tracer 
substance this movement is seon to bo in tho normal direction from vein to right 
heart, to lting, to left heart, to artery, and back to vein again, thus making a 
complete circuit. By these experiments wo have demonstrated the possibility 
of circulating the blood over the ontire body without the benefit of any heart 
action but bj- the simplo inflation and deflation of the lungs. 

Experiments with 
Positive Pressure Resuscitation 





Order of its Frequency 

Chart 3.—Appearance of tho (lyo at variou* site* when positive p re mu re only vra* u»ed. 


The brain was examined in only one experiment, and this autopsy showed 
that the brain vessols as woll as the brain substance contained large amounts 
of fluorescein. 

To prevent the effect of gravity on tho diffusion of the dye, the animals 
were placed on rtn inclined plane with the head elevated approximately 10 
degrees. 

Before autopsy the fluorescein was seen most frequently and earliest within 
the oral cavity (mucous membranes). 

The widest and quickest distribution of tho dyo occurred in tho experi¬ 
ments which were done with alternating positive and negative pressure resusci¬ 
tation, os can be seen from Charts 1, 2, and 3. Further study of tho charts 
show no appreciable difference between the efficiency of the resuscitation with 
negative pressure only and positive pressure only, although there were only two 
experiments in which negative pressure was used. 
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Chart 2. Appearance of the dye at various sites when negative pressure only (suction) was 

used. 


Four experiments were done with positive pressure only. The dye was injected into 
tho femoral vein in two experiments and into the femoral artery in two experiments. The 
fluorescein was first observed within the oral cavity after sixteen to thirty minutes following 
the beginning of resuscitation. Autopsies were performed after twenty-nine to forty-six 
minutes of resuscitation and fluorescein was found in the following sites in order of its fre¬ 
quency (see Chart 3): vena cava (4), oral cavity (2), liver (2), kidney (2), lower ab¬ 
dominal wall (2), conjunctivae (1), axilla (1), lungs (1), gal1 bladder (1). 

Four control experiments were performed. In one, fluorescein and heparin were used 
as in the other experiments but no resuscitation procedure was used and the dog was kept 
in a horizontal position. There was evidence of some local and downward diffusion of the 
fluorescein. In one, the diffusion was of a local nature, since this dog was in Fowler’s position 
during the experiment. Two experiments were done without the injection of heparin. In 
both occasions, clotting of the blood prevented the movement of the blood within the vascular 
bed in spite of the resuscitation procedures. 
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DISCUSSION 

Tiiese experiments demonstrate that the inflation and deflation of the lungs 
produces a movement of the blood in the vascular system. By the use of a tracer 
suhstanco this movement is seen to be in the normal direction from vein to right 
heart, to lung, to left heart, to artory, and back to vein again, thus making a 
complete circuit. By these experiments ivo hove demonstrated the possibility 
of circulating tho blood over the entire body without the benefit of any heart 
action but by the simple inflation and deflation of the lungs. 

Experiments with 
Positive Pressure Resuscitation 


^1 



Order of its Frequency 

Chart 3 .—Appoamnco of the dyo at various when positive pressure only was u*e<J. 

The brain was examined in only one experiment, and this autopsy showed 
that the brain vessels a9 well as tho brain substance contained large amounts 
of fluorescein. 

To provent the effect of gravity on tho diffusion of the dyo, the animals 
were placed on dn inclined plane with tho head elevated approximately 10 
degrees. 

Before autopsy the fluorescein was seen most frequently and earliest within 
tho oral cavity (mucous membranes). 

The widest and quickest distribution of the dye occurred in the experi¬ 
ments which wero done with alternating positive and negative pressure resusci¬ 
tation, as can be seen from Charts 1, 2, and 3. Further study of the charts 
show no appreciable difference between tho efficiency of tho resuscitation with 
negative pressure only and positive pressure only, although there were only two 
experiments in which negative pressure was used. 
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he control experiments indicate the occurrence of some local and down- 
v ' ai d diffusion of the dye. They also show the importance of heparinization of 
\ e an ™ a ^ since intravascular clotting takes place soon after death. Once clot¬ 
ting has occurred, no further movement of the blood column is possible. As 
long as the blood remains liquid it can be circulated, and this means an increase 
in the possible resuscitation time. 


CONCLUSIONS 

Inflation and deflation of the lungs in a previously heparinized animal im¬ 
mediately after death produces a movement of the blood column within the 
vascular system. This can be observed by the intravascular injection of a 
tracer substance, fluorescein, which gives a typical luminous appearance when 
examined under an ultraviolet light. The movement of the blood is in a normal 
direction, and as such can be circulated over the entire body. This movement 
of the blood takes place without the benefit of any cardiac activity. 

The widest and quickest distribution of the dye occurred when alternating 
positive and negative pressure resuscitation was used. 

The importance of heparin in resuscitation is demonstrated. Heparin keeps 
the blood in a fluid state and as such allows it to be circulated. Once clotting 
has occurred, no further circulatory movement is possible and all resuscitative 
attempts will fail. 

Resuscitation with alternating positive and negative pressures is superior 
to resuscitation until positive pressure only or negative pressure only. 
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COMPLICATIONS OP THE SUROERV OP PATENT 
DUCTUS ARTERIOSUS 

John C. Jones, MX). 

Los Angeles, Calif. 

T HIS report eoneoms the complications of the surgery of patent ductus 
arteriosus in n series of sixt.v-one successive patients. Fifty-three operations 
were ligations in continuity, and eight were divisions employing the modification 
of the technique of Gross.' All of these patients had a presumably clinically 
uncomplicated ductus arteriosus, and none of them were believed to have had sub¬ 
acute bacterial endarteritis before operation. The diagnosis of patent ductus 
arteriosus was clear-cut and was confirmed upon operation in every ease. 

The youngest patient was just under 3 years and the oldest was 35 years 
of ago. Thirty-three (55 per cent) of the patients were younger than 10 years, 
twenty-three (37 per cent) were between the ages of 10 and 20 years, and five (8 
per cent) were older than 20 years (Table I). The eight patients in whom a 
division of tho ductus was carried out were lrctwecn the ages of 3 and 6Vi years. 

Table I. Aoe Inciubxoe 


Ago Under 5 0-9 10-14 15-19 20-29 50-35 

No. cases 17 (28%) 10 (20.5%) 12 (HUS#) 11 (IBft) 1 (Uj#) 1 (1-5%) 

Virtually all of the patients developed somo pleural effusion postoperntively, 
but in only twenty-two (3G per cent) wns aspiration deemed necessary, threo of 
whom were aspirated twice. In two of the tweniv-two, only nil- (250 c.c. nnd 
150 c.c.) was obtained. In the remaining twenty, sorosanguineous fluid in vary¬ 
ing amounts of between 50 and 450 c.c. was obtained by aspiration. Penicillin 
intrnplcurally or intramuscularly, and the sulfonamides intraplcurally or orally 
were not used, either pro- or postoperntively, except in patients developing a 

Road at the Twenly-alxth Annual Meetlnp of the American Aaaoclntlon for Thoracic 
Sumery. Detroit, Mich-, May IB, 10, and il, 1846. 
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complication indicating their specific need, and in none of this series were these 
drugs employed as prophylactic treatment. 

Postoperative pulmonary atelectasis occurred in five patients (8 per cent), 
all children, each time in the left lower lobe. Their lungs had been inflated at 
intervals routinely during the surgery and all atelectatic areas cleared before 
closure of the chest, the pleural cavities had been aspirated after closure, and 
inhalations of carbon dioxide had been administered for several days following 
surgery. All five patients recovered following frequent postural treatment and 
more vigorous and frequent inhalations of carbon dioxide, and in three eases 
small doses of sulfonamides were given orally. Penicillin Avas not available at 
the time. 

Left recurrent laryngeal nerve paralysis occurred three times in this series. 
In two patients it has persisted, and in one total recovery Avas noted Avithin a few 
weeks after operation. In spite of having identified the nerve in every instance 
at the beginning of the dissection of the ductus and having been careful not 
to injure it during the operation, this complication occurred. All three were 
in cases in Avhieh the patent ductus arteriosus was ligated and it is veiy likely 
that the pressure of the tapes and their knots and the scar tissue about them 
subsequent to the edema immediately folloAving surgery accounted for the per¬ 
manent paralysis, for the nerve was intact after the ligation Avas completed. In 
the two patients (both adult females) Avith persistent paralysis, the quality 
of the voice improved considerably over a period of several months after op¬ 
eration, but the appearance of the vocal cords had not changed. 

Two of the patients developed an empyema postoperatively. The first Avas 
a 16-year-old girl who presumably did not have a pneumonia, but developed a 
Staphylococcus aureus infection in the pleural space after the cultures of the 
first aspirated fluid were negative. She had a rib resection, and, Avhile the lung 
was reluctant to re-expand, she finally made a complete recovery from the 
empyema. The other recently operated patient, a boy of 3 years, developed a 
pneumonia in the left lung folloAving division of the ductus arteriosus. The lung 
consolidation and high fever came on thirty-six hours after operation, and he 
developed an empyema in spite of prompt chemotherapy (sulfadiazine and 
penicillin). Aspiration and instillation of penicillin into the pleural cavity Avas 
employed, but the fibrin clots finally demanded rib resection. He is making a 
good recovery but the tube is still in place. There was but the one pneumonia 
in this series. 

There were no wound infections. The high incidence of keloid hi the supra- 
mammary scars has forced us to abandon this approach through the second inter¬ 
costal space anteriorly. In children as well as adults, if the anterior approach 
is preferred, the incision should be an inframammary one, for certainly in adult 
males and children the tension of the pectoralis muscles is the great factor in 
keloid formation rather than the weight of the breast. In the last twenty cases 
we have employed a posterolateral approach (resection of fourth or fifth ribs) 
and we believe it affords a far better exposure for any operation in the area of 
the ductus arteriosus. AH our divisions have been carried out through this ap¬ 
proach, and the incidence of keloid in the scars has been greatly diminished. 
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• A serious distressing complication following ligation of the ductus arteriosus 
in our experience has manifested itself by sudden copious hemoptysis. Two 
case histories arc briefly outlined with their follow-up. 

CASE REPORTS 

A J*, 35-year-old housewife, had an uneventful convalescence following ligntiou of the 
dactua arteriosus Fob. 22, 1048, and ^rus discharged from the hospital thirteen days later. 
On July 8, 1943, after a strenuous day of houseeleaning, she coughed up an ounce of bright 
red blood. The next night she awakoned with rattling In her throat and had a eimilnr 
experience with hemoptysis. The following two days she hod an aching across and between 
the shoulders and raised raoro dark bloody mucus plugs beforo being admitted" to the hospital 
July 7. She said she folt well otherwise. The temperature, pulse, und'respirations were nor¬ 
mal and the blood pressure was 120/00. Examination revealed a heart tlmt was definitely 
smal]or than beforo operation and now within the limits of normal and only a slight pulmonic 
systolic murmur could bo heard. The blood counts were well within the normal rnngo and 
electrocardiogram was not abnormal. The roentgenogram (Pig. 1, J and B) revealed a slight 
haziness in the left upper lung field and a slightly increaf-ed bulging of the left upper modi- 
astinnl border in the region of the pulmonary conns, with a normnl contour of the heart. 



A. B. 

Pif. L— A, roentgenoKTH-tn of A. J. before operation showing prominence of the pulmonary 
conus and enlargement or heart. B, roentgenogram four days after onset of beniontysca. 
Bulging in the area, of the pulmonary conus and naslncss of tho mediastinal aspect of the left 
upper lobe Is noted. 

Eoentgonogram twenty jlnys after the onset of hemoptyses disclosed nn increase in tho medi¬ 
astinal bulge and diffuse haziness in tho medial aspect of tho loft upper lobe (Fig. 2, .4). 
She remained In the hospital for six weeks with occasional small hemoptyses, almost dally 
streaking of mucus and some occasional aching pain between the spino nnd tho loft scapula 
above tho fourth dorsal vertebra, but was discharged home in good condition to remain in 
bed. On Nov. 19, 1048 she had a sudden hemoptysis of 350 c-c. nnd was readmitted to the 
hospital. She was not in shock, the pulse was 100, blood pressure 130/80, and hemoglobin 
estimation was 80 per cent. Physical examination revealed rfllos over tho left lung field and 
a persistent pulmonic systolic murmur, but no continuous or diastolic murmur. Roentgeno¬ 
gram and electrocardiogram remained tho same. 8ho lind nnother hemoptysis of 200 c.c. of 
bright blood three days later, and was discharged eleven days after admission with no com- 
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plaints other than a little irritative cough and occasional streaking. A week later she had 
a massive sudden hemoptysis of 500 to 750 c.c. at home, and a transfusion was administered 
the following day because of a hemoglobin estimation of 63 per cent and 3,840,000 red blood 
cell count. On Jan. S, 1944, another 500 c.c. hemoptysis occurred, then only streaking oc¬ 
casionally until February, 1945, when she had a 200 c.c. hemorrhage and none since then. 
She was last seen on May 17, 1946, and appeared well (Fig. 2, 7?). She volunteered that she 
had occasional streaking of her mucus in the morning, had led a normal active life with 
no limitation for over'a year with no frank hemoptyses, and weighed 136 lbs. Pulse was 
85, blood pressure 118/80. She had a low-grade systolic pulmonic murmur while sitting 
which disappeared rn the supine. The lung "fields were clear to auscultation. Fluoroscopy 
revealed the heart to be normal in size and contour, the lung fields were clear throughout; 
there was no conus fullness, and the previous bulging of the left upper mediastinum had 
disappeared. Electrocardiogram and blood counts were within the normal Tange. 



A. B. 

.Fig. 2.—A, roentgenogram of A. J. twenty-one days after initial hemoptysis showing 
increased mediast'nal bulge and upper lobe opacity. B, roentgenogram one year after the 
last hemoptysis. Patient felt well. 

J. S., female, 11 (A years old, had her patent ductus arteriosus ligated in continuity with 
two silk umbilical tapes on Sept. 14, 1942 (Fig. 3 , A). Convalescence was uneventful, there 
remained no cardiac murmurs, and she was discharged in excellent condition thirteen days 
later. She remained well without symptoms and without abnormal physical findings on ex¬ 
amination until June 13, 1944 (twenty-one months after operation), when she coughed up a 
mouthful of bright red blood. She did not feel ill and had no other symptoms, but was ad¬ 
mitted to the hospital for study. Temperature remained normal. The pulse was 100, and 
respirations 20, Blood pressure 140/100 on admission receded to 96/68 the following day. 
Moist rales were heard in the left lung, but cardiac findings and electrocardiogram were 
normal. X-ray of the chest (Fig. 3, B) on admission showed slight haziness of the left 
upper lobe which had cleared in forty-eight hours. Three hours after admission, while lying 
quietly in bed, she had a sudden hemoptysis of 4 oz, of bright blood. She was discharged 
after three days’ observation. The following day, June 18, 1944, she had another 4 oz. 
hemoptysis and x-ray immediately afterward again showed only a slight haziness of the left 
upper lobe which cleared in forty-eight hours, and the physical findings were as before. 
Bronchoscopy June 22 was negative, as was the examination of the heart and lungs. She had 
six recurrences of the hemoptyses (Fig. 4, A) the last of which amounted to 500 c.c., and 
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ahe wna admitted to the hospital Nor. 1, 1044, with temperature 100.2* F. (rectal), pulse 84, 
respirations 20, and blood pressure 94/56. She luid a soft systolic murmur at the apex, but 
no other murmur. The left upper lung wna slightly hnzy by roentgenogram. The hemo¬ 
globin was 64 per cent, red blood cell count .1,470,000, whito blood cell count 11,450. On 
November 2, the thorax wns explored through a posterolateral approach (resection of the 
fifth rib) under endotracheal ether-oxygen anesthesia. Tlio lung tvos adherent to the anterior 
cheat wall nt the site of approach for the ligation of the ductus arteriosus. A knuckle of 
lung, 2 cm. In diameter (mediastinal aspect of the left upper lobo) was densely adherent to 
the aorta at the site of ligation of the pntent ductus arteriosus, but thore was no thrill. It 
was as though the lung had been drawn into .the hollow of the arch of the aorta, adjacent 
to which was an area of indurated firm lung the sire of n walnut. While dissecting the lung 
from the aorta traversing recent and old organized blood clot, granulomatous appearing 
tissue exuded and two silk (umbilical tnpe) knots popped out (Fig. 4ft). When completely 
freed from the aorta there was seen n 2 cm. cavity in tlio lung which connected with an open 
bronchus. Suddenly n forceful, 4 nun. stream of blood came from the norta ju«t beyond 
the site of the ductus ligation and from the granulomatous appearing area of the aorta. 



A. b. 

Fip. 3.—A, Roentgenogram of J. 8. before operation. B, Roentgenogram n few hours 
after initial hemoptysis, showing- bulging nt the conus arteriosus nnd haziness of the left upper 
lobe. 

This was immediately controlled by digital pressure. It wna obvious flint tlie two silk knots 
had eroded both the aorta and tho lung and that a fistulous trnct l>etween the aorta and 
bronchus had been established. Fivo fine (00000) silk sutures in the wnll of the norta dosed 
the opening and this was reinforced by suturing over it a layer of mediastinal plcurn. Tho 
bronchial opening and the cavity in the lung were obliterated with fine cutgut sutures on 
atraumatic noodles. The lung was re-expanded, 2 Om. of sulfnnilaraide crystals nnd 25,000 
units of penieillln in 50 cjt. of saline were left in the pleural cavity, and the chest wnll was 
elosed without drainage. The blood pressure before operation wns OO/flO, nt the dare It was 
90/70. During the latter part of the operation, 250 c.c. of blood wns given. She had an 
uneventful convalescence and was discharged Nov. 7, 1P44, fifteen days after operation 
(Fig. 4D), She has been well ever since and has no abnormal physical findings referable to 
heart or lungs (Fig. 4/5). 

AA’c believe flint both the above patients had identical lesions, an aorto- 
bronchinl fistula, in spite of the fact that the first was not proved by operation. 
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In both there was no recurrence of the continuous murmur and no evidence of a 
.fistulous tract from the pulmonary artery to the aorta, and the patency of the 
ductus has surely been obliterated. Both patients had similar clinical histories 
and roentgen findings. The magnitude of the hemoptyses in the first patient 
makes it unlikely that the silk knots eroded only the lung and that the bleeding 
could be from the lung itself. In spite of the fact that the patient has not had 
frank hemorrhage for fifteen months and the lesion appeal's to be healing, the 
fact remains that occasional streaking in the mornings occurs and there may.be 
recurrences requiring surgical intervention. 



Fig. 4A.—Roentgenogram of J. S. four months after onset of hemoptyses. 


The mediastinal pleura over the site of the ligation of the ductus with two 
silk umbilical tapes tied side by side was not closed or sutured in either patient, 
and it may be that if it had been closed, this complication could have been 
avoided. The mediastinal pleura has been closed, burying the knots in all, .since 
this experience. This procedure would protect the mediastinal aspect of the 
upper lobe but would not prevent erosion of the aorta or possible aneurysm. 
At any rate, this complication is a definite argument in favor of the division 
of the ductus arteriosus. 

There were two deaths in this series. The first patient (J. D.) operated May G, 1939, was 
discharged from the hospital fourteen days later following an uneventful recovery. She 
resumed normal activity and thirty days later developed a high fever and died of Staph, 
aureus endarteritis forty-eight days following ligation. At autopsy, a re-established fistula 
between the pulmonary artery and the aorta, around the ductus ligatures, and an aneurysm 
at the ductus were found. The ligatures had cut through the wall of the ductus arteriosus 
and a superimposed blood stream infection resulted in vegetations on both the pulmonary 
artery and aortic walls. The details of this case were presented at the Los Angeles meeting. 2 

The other death was an operative mortality. W. W., male, 6 years old, was diagnosed 
as having patent ductus arteriosus on his admission to the Children’s Hospital in 1942 for 
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tho treatment of' pneumonia. Boentgenograms revealed biluteral pneumonia and a large, 
round heart consistent'with a congenital lesion, and a fullness of the conaa arteriosus. Ho 
made n rapid recovery and was observed for over tliree years. He was thin nnd under-, 

doveloped and had not been able to enrry on with others his own age. On admission to the 

hospital April 20, 1940, the poise was 108, and blood pressure 92/38. Examination revealed 

a symmetrical chest that bulged forward, and a very active precordium. The lungs wero 

clear. Tho point of maximum impulse was in tho fifth interspneo at the anterior axillary- 
line, and them was a great continuous thrill over the pulmonic area. A loud, harsh, con¬ 
tinuous machinery murmur over the pulmonic area was transmitted over the entire precordium 
and could be heard throughout the chest. Hia roentgenogram revealed a moderate cardiac 
enlargement with clear lung fields. Electrocardiogram before admission was not remark¬ 
able, and his blood counts were normal. On April 22, at operation, it was noted tlmt the 




Flff. iB .—Two silk umbilical ties and knots encased In fibrous tissue removed at operation. 

Patient J. g. 

cardiac action was considerably more vigorous than was usual in these cases and the ductus 
arteriosus Btood ont nioro prominently and seemed ntiffor, firmer, and thicker tlian tho average 
ductus we had seen. Dissection uround the dnetns arteriosus was completed easily nnd while 
not being disturbed, the posterior pulmonary artery end of tho ductus gnvo way with a re¬ 
sultant large hemorrhage. Two tupo* passed around tho ductus and tied failed to control 
tho bleeding, but after forceps wero applied, tho bleeding stopped, tho tapes wero removed, 
and tho dnetus was divided. The aortic asi>cct of tho dnctiis was sutured with fino silk and 
that forceps removed. One small leak in tho aortu was closed with an interrupted suture. The 
pulmonary side of tho dnetus was then sutured distal to tho forceps. Blom.1 transfusion had 
been instituted at the onset of the hemorrhage. When tho foreopa wna removed from tho 
pulmonary side of the ductus, there was another, larger gush of blood proximal to the puturo 
line which was fairly well controlled by digital compression while two Interrupted mattress 
sutures wore token in tho leaking pulmonary artery. Tills completed hemostasis, Imt at this 
point cardiac airest intervened, and in spito of the usual restoration measures, we were un- 
ablo to stlmulato cardiac action. He had lost considerable blood at a rapid rate on two oc¬ 
casions, and wo were unable to replenish the loss quickly enough to resuscitate the heart. The 
moro pertinent findings at necropsy are outlined. The heart woighod 212 Qm. (normal, 04 Qm.) 
and wns considerably enlarged. There were arens of pale, white, thickened eplcardiura over 
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the apex and right ventricle. Numerous small verrucose nodules were noted over the left 
auricular appendage, having the appearance of vegetations. The myocardium was increased 
in tliickness, the papillary muscles hypertrophied, and the chordae tendinae were thicker and 
less transparent than usual. The endocardium was smooth and glistening, except for that 
over the mitral valve and immediately above it. Here the endocardium was thickened and 
not transparent, and was white. The mitral valve was increased in tliickness, and had a 
nodular appearance and feel to it. The foramen ovale was 2 mm. in patency. The ductus 
arteriosus was absent at its two points of origin in the pulmonic and aortic aspects. It had 
apparently recently been closed and numerous line sutures were in place. The inflammatory 
lesions of the heart, exclusive of the congenital lesions, were reported as consistent grossly 
and microscopically with rheumatic heart disease, although no typical Aschoff’s bodies w r ere 
found. Blood cultures were negative in ten days. The pathologist’s diagnosis was cardiac 
hypertrophy and dilatation, chronic mitral endocarditis, pericarditis, and focal myocarditis. 



Pig. 4 C. PIE. 4Z). 

Pig. 4 G .—Roentgenogram of J. S. on discharge, two weeks after exploration and repair of 
aortobronchlal fistula. 

Fig. 4Z>.—Roentgenogram of J. S. eighteen months after discharge from hospital. 

The ligation or division of the ductus arteriosus, had it been successful, might possibly have 
decreased the myocardial load and lengthened this patient’s life, but we were ignorant of his 
having rheumatic heart disease at the time of his operation; we would not recommend 
surgery for patent ductus arteriosus complicated by rheumatic fever. 

While this, the only operative death in the series, was a division of the ductus arteri¬ 
osus rather than ligation, the death cannot be attributed to the division per se, for the end 
result would probably lmve been the same regardless of the method employed. The ligation 
with tape utterly failed to arrest the hemorrhage, but it was controlled by the division of 
the ductus arteriosus, and in retrospect, in this instance at least, it would have been judicious 
to have proceeded with division at once. 

Probably the most embarrassing complication of the ligation of the patent 
ductus arteriosus from the standpoint of the surgeon is the persistence or recur¬ 
rence of the continuous murmur. In fifty-three ligations, there were five pa¬ 
tients (9.4 per cent) whose continuous murmur was noted within the first few 




TONES: SURGICAL COMPLICATIONS OP PATENT DUCTUS ARTEIUOSUK 313 

days after operation (ns soon ns the dressings were removed und an examina¬ 
tion was iicrmitted). The persistence of the mtumur can tie explained only by a 
failure to tie tlio tapes tightly enough to occludo the lumen of the ductus com¬ 
pletely. Fivo others (9.4 per cent) were discharged from the hospital either with 
no murmur or a systolic pulmonic murmur, only to turn up later with a recur¬ 
rence of the continuous murmur and usually some palpable tin-ill. In this group, 
the murmur was detected fire or six weeks after ligation when the patient re¬ 
turned for examination, and presumably is explained by re-establislunent of the 
fistula after the tapes had cut through the wall of the ductus arteriosus. We 
have not operated a second time on any of these ten cases. ,In some the murmur 
has remnined unchanged, in others it 1ms increased or diminished in its in¬ 
tensity; in seven of the pntionts, the murmur is now not as loud as before 
surgery, in two it is about the same as before ligation, and the remaining patient 
(J. D.) is dead. 3 In the seven eases surviving the division of the ductus ar¬ 
teriosus, there have been no recurrences of the murmurs nor any complications 
attributable to this method of treatment. 

There are fifty-nine (96.5 por cent) patients alive, nine of whom have a 
persistent continuous murmur after the ligation of the ductus arteriosus. All of 
these patients are well with one exception, an adult female with an early recur¬ 
rence of the murmur, a persistent vocal cord paralysis, diabetes, and a low re¬ 
serve. 

SUMMARY 

1. Sixty-oue eases of patent ductus arteriosus have been operated.on; 
fifty-three (87 per cent) were ligated in continuity, and eight (13 per cent) were 
divided and sutured. 

2. There wore two deaths, one a late death due to Staph, aureus endo¬ 
carditis, and one operative death (exsonguination and cardiac arrest). 

3. Two patients developed an aortobronchial fistula with large hemoptyses, 
one of which was repaired surgically; the other appears to bo healing spon¬ 
taneously. 

4. Fivo of the ligatious had mi early recurrence of the murmur due to in¬ 
complete occlusion of the vessel by the tapes, and five others had n late estali- 
lishment of tho fistula due to the tapes partially cutting through the wall of tho 
ductus. 

5. Five had left lower lobe postoperative atelectasis. 

G. There were two empyemas, one of which followed a pneumonia. 

7. Two patients have a permanent, left, recurrent, laryngeal nerve paralysis. 

S. Fifty-nino patients are alive, and, in spite of nine pationts having a 
persistent continuous murmur, only ono is not well. She is a diabetic with a re¬ 
established fistula aud a low reserve. 

REFERENCES 

1. Gross, R. E.: Complete Surgical Division of Potent Ductus Arteriosus, Surg., Gvnec. k 

Obet. 78: 36-43, 1044. 

2. Jones, J. C,, Dolley, F. 8., and Bullock, L. T.: The Diagnosis and Surgical Therapy 

of Patent Ductus Arteriosus, J. Thoracic Boro. 9: 413-430, 1040. 



COMPLETE DIVISION FOR THE PATENT DUCTUS ARTERIOSUS 


Robert E. Gross, M.D. 

Boston, Mass. 

D URING the last eight years, studies from this and other clinics have amply 
demonstrated that surgical therapy is an important method for the treat¬ 
ment of individuals with a patent ductus arteriosus. In the early stages of 
these surgical endeavors, closure of the ductus was always attempted by some 
form of ligation. It was fully realized that ligation of a vessel “in continuity” 
had certain limitations, because this procedure might not give complete closure 
of the shunt, or else there might be partial recurrence of the fistula if the liga¬ 
tures cut through the vessel wall. While it was obvious that complete division of 
the ductus would be desirable, limited operative experience at that time made me 
feel that this was too hazardous an undertaking. Therefore, ligation alone was 
done, and in the great majority of cases this gave a good result and could be ac¬ 
complished with a relatively low risk. 

In the first part of the work, forty-three individuals of varying ages and 
with manifold complications of a persistent ductus were operated upon by some 
fonn of ligation. In most of these, two ligatures of No. 8 braided silk were used. 
In a few instances, narrow umbilical linen tape was employed. In twenty-nine 
cases, double ligatures were placed and then Cellophane was wrapped over these, 
the author believing that subsequent fibrosis excited by this material would cause 
some regional scarring and close off any small shunt which might have been left 
at the end of operation. The addition of a cellophane wrapping was an improve¬ 
ment, but it could not be relied upon to give a permanent, closure of the shunt in 
all cases. A careful follow-up study on these forty-three patients (forty of 
whom survived surgical treatment) shows that in general, about 80 per cent ob¬ 
tained complete closure of the ductus and that the vessel remained closed. In 
about 10 per cent of the cases there was apparent complete closure of the ductus 
at the end of the operative procedure, and for a week or ten days thereafter, 
but subsequently the ligatures partially cut through the ductus and some of the 
fistula was re-established. In the remaining 10 per cent of the cases, the liga¬ 
tures were not tied quite tightly enough, so that a small shunt was left at the 
close of the operation. In these last two groups the results were somewhat dis¬ 
appointing, but this does not vitiate the fact that most of these individuals were 
greatly improved because the work of the heart was tremendously reduced, and 
in some cases a Strei^tococcus viridaiis infection was permanently cured. While 
this genei'al therapeutic picture might be classed as quite satisfactory, an attempt 
has now been made to develop a technique for complete division of the ductus in 
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nil cases. This goal appeared difficult to attnin, but the search was stimulated 
by the conviction that division of the ductus would he the only operation which 
could give assnmneo of a complete and a permanent closure of the shunt. 

As lar as I am aware, TourofF was tho first (Jan., 1940) to divide com¬ 
pletely a patent ductus arteriosus. In 1941, I divided the ductus in a child of 10 
years, and in 1944 reported the technique 4 which had been successfully used in 
fourteen eases. To date, I have divided tho ductus in 90 patients, and would like 
to indicate briefly tho technique which is currently employed. This i3 essentially 
the same type of operation, with hut minor changes, ns that which was described 
in the publication of '1944. 


OPERATIVE TECHNIQUE 

A routo for exposuro of tho superior mediastinum and great vessels has 
been rather fully considered in other communications. 1 ’ 1 Only a few points 
will he stressod hero regarding this approach. The patient is placed on the 
table with a sandbag underneath the left side of the chest and left shoulder. 
The left arm is extended upward along the head. A long, curved incision is 
made beneath tho left bronat extending well around to the posterior axillary 
line. The entire breast is dissected free and raised from the pectoral fascia so 
thnt the breast can be turned upward, a point of extromo importance in gaini n g 
an adequate exposuro in adult females. The pectoral muscles are divided just 
above their attachment to the thoracic cage. The anterior border of tho latis- 
simus dorsi muscle must be severed for an inch or two. The anterior serratus 
muscles are cut as far back as the long thoracic nerve. The left pleural cavity 
is entered through the third intercostal space, the intercostal muscles being di¬ 
vided from the sternal bordor around almost to the angle of the ribs. The third 
and second costal cartilages are cut so that the ribs can be pushed upward and 
held in that position with self-rotaining retractors. It is extremely important to 
obtain a maximum opening from these various steps, in order to have sufficient 
room whon working inside tho chest. 

Tho superior mediastinum is entered by a long cephalocaudal incision of 
the parietal pleura, this cut being made about one-half inch behind the phrenio 
nerve. The highest intercostal vein which courses over the mediastinal structures 
to reach the left innominate vein must usually be divided. The vagus and left 
recurrent laryngeal nerves are carefully searched for and spared from injury. 
Lymph nodes which obscure the field must bo dissected away before exposing 
tho underlying structures. Fat and areolar tissue must be cleared away from 
the terminal portions of the aortic arch and the near-by pulmonary artery so 
that the intervening ductus can be clearly visualized. In most subjects, a small 
lappet of pericardium extends upward and partially overlays the left lateral 
surface of the ductus. This must be completely removed from the ductus (so 
thnt it will not be subsequently included in the clamps which are placed upon the 
ductus). By sharp and blunt dissection (Fig. 1) this lappet can be pushed 
away. It is well to complete this step without perforating the pericardial sac; 
this precaution prevents poricardial fl uid from running into the field. 
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The posteromedial wall of the ductus is now circumvented by blunt dissec¬ 
tion, which is most easily done with a right-angle clamp (Fig. 2), guiding the 
instrument’by feeling the point with the tip of the left index finger. In this 
■way, the. right-angle clamp is carefully pushed between the wall of the ductus 



Figs. 1. 2, 3.—J, Lappet of pericardium being turned cnudnlly by dissecting it off of the 
rductun nrterlosus. 2, Back (medial surface) of ductus being freed by blunt dissection. 3, Type 
of Instrument to be subsequently used for clamping the ductus. The jaws have been ground so 
fthat'theynre thinner than stock instruments. 

and the Left main bronchus. After a hole has been made behind the ductus in 
this manner, the opening can he carefully enlarged by sharp dissection under 
idirect visualization. Behind the back wall of the ductus there is usually a web 
of fibrous tissue which fans downward to the pulmonary artery, medially to the 
bronchus, and superiorly to the medial surface of the aorta. This substance 
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must bo cut away adequately to give ns much room os possible on.the medial 
surface o£ the ductus. This dissection brings one dangerously close' to the pul¬ 
monary artery, tlio le£t main bronchus, and the undersurface of the aortic arch, 
but in no case of the present series was any ono of these.structures injured. 



FlKB. 4, D. 0.—Ductu* completely uncovered. Two clamps applied. 5, Foot clamps In 
place. Ductus being cut between the two middle clamps. 6, Duqtus completely .severed, leaving 
two clamps on either end. 

Touroff* has emphasized that sometimes it is possible to get into a tissue plane 
which allows the operator to dissect more freely around the ductus. All of the 
ductus dissection and liberation must proceed with great caution and.must: 
completed with thoroughness, because this siugle step is most' important 
facilitating subsequent stages in complete division of the vessel. ... :- 


5- S 
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Fig. 3 represents the type of instrument which has been used for clamping 
of the ductus. This is a standard Crile clamp, 5% inches in length, the jaws of 
which have been ground off on both sides so that the surfaces are nearly parallel, 
and are thinner than stock instruments. In the first eighteen cases in which 
complete division of the ductus was performed, each of these .clamps, was fitted 
with a rubber band on the handle so that the instrument could be placed on 
the ductus and held in that position by the tension imparted by the rubber 
band. This precaution was taken so that there would be no undue crushing in¬ 
jury to the ductal wall. In all of the subsequent cases, this elastic band has 
been discarded and each clamp has been placed on the ductus so that only its 
first ratchet is engaged. In no instance has this caused any important trauma 
to the ductus Avail, nor has it led to subsequent sloughing or bleeding in any 
patient. 



Fig. 7.—Details of closure of pulmonary end of ductus. One clamp has been removed, leaving 
a cuff which Is sewed over and over with fine silk suture. 

After the ductus has been completely freed of areolar tissue and has been 
cleared of any investing membrane, two clamps are applied as shown in Fig. 4. 
In most patients this appears to take up all of the room between the aorta and 
the pulmonary artery. However, it is possible (Fig. 5) to squeeze on a third 
clamp which rides up onto the pulmonary artery and a fourth clamp which 
rides up onto the aorta. With these four clamps in place, the ductus is cut in 
half by a scalpel Avhich is run between the two middle clamps. This, then, leaves 
(Fig. 6) the divided ductus with two clamps on its pulmonary end and two 
clamps on its aortic end. It is at this stage that the above-described dissection 
Avill pay dividends, because the previous freeing of structures medial and pos¬ 
terior to the ductus Avill now allow the pulmonary artery and aorta to separate 
from one another and give the operator room to work on the individual ends of 
the severed ductus. 

Fig. 7 shows details of closing the pulmonary end of the ductus. The pre¬ 
senting clamp (the one nearest the operator) has been removed and thus pro- 
yides a small cuff of ductus wall which is 2 or 3 mm. in length. This can be 
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whipped over and over with a continuous 5-0 Deknatel silk suture carried on a 
small-atraumatic neodle. When the end of the ductus has been closed in this 
way, the remaining end of thread is brought back and tied to its original end. 



CTffs. 8, 0, 50.— 8, Cuff on pulmonary end of ductus beinc dosed in the manner shown In 
FIc- 7. 3, Pulmonary end of ductus closed. One damp Is then removed from aortic end and 
the cuff of tissue will be sewed over and over, the stitch passing throuch the full thickness of 
ductus wall. 10, IHvlalon of ductus completed. Individual dosure of aortic and pulmonary ends 
of duotua. 

Fig. 8 demonstrates the step of closing the pulmonary end of the ductus 
after the presenting clamp has been removed and a cuff has been made. In 
Fig. 9 a similar treatment is being carried out for the aortic end of the ductus, 
from which the uppermost clamp hns been removed. Tho cuff thus provided is being 
sewn over and over with a continuous suture in a manner similar to that which 
was used for tho pulmonary end of the ductus. After the suturing of pulmonary 
and aortic ends has been completed, it is customary to squeeze a gauze sponge 
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down between the aorta and pulmonary artery, and while tills gauze is in place, 
the remaining pulmonary clamp is removed. The pack is held in place for several 
minutes to allow blood to coagulate between the interstices of the sutured end 
of the ductus. The pulmonary end is then inspected, and when it is found to 
lie completely dry, another gauze pack is jammed in between the aorta and pul- 
monaiy artery and the remaining aortic clamp is removed. This pack is also 
held in place for several minutes to allow clotting to occur between the stitches 
in the aortic end of the ductus. The pack is then removed, and in the vast ma¬ 
jority of cases the field is completely dry. In only a few cases has it been 
necessary to take an extra stitch or two to close some pinpoint opening. (In 
the first eighteen cases of this scries, a second line of sutures was employed to 
bring together the adventitia of the pulmonary artery to re-enforce the first layer 
of sutures. A similar adventitial closure was likewise done on the aortic side. 
Later experience has shown that these second layers are not necassary.) Fig. 9 
, shows the condition of the aorta and pulmonary artery after all instruments 
have been removed and the two ends of the ductus have been individually closed. 
It is probably not essential to do so, but it has been my routine to close the medi¬ 
astinum by repairing its parietal pleura with interrupted silk stitches. 

It is unnecessary to enumerate here the steps for closure of the thoracic 
wall wound, which steps have been amply treated in a previous communication.' 1 
It is, however, well to emphasize that careful closure of the chest is of extreme 
importance in reducing the postoperative discomfort of the patient to a minimum, 
in producing a cutaneous scar which is not unsightly, and in reducing the post¬ 
operative wound complications to a negligible figure. 

COMMENTS 

In a group of ninety individuals who have been treated by complete di¬ 
vision of a patent ductus arteriosus, the ages ranged from 2 to 46 years. In 
this series there have been two surgical deaths.* One fatality occurred two weeks 
after operation from a staphylococcus mediastinitis and overwhelming infec¬ 
tion. The second occurred in a 26-year-old woman with an advanced stage of 
cardiac decompensation; division of the ductus had been completed, but the 
patient expired shortly thereafter with cardiac dilatation and failure. Thus, 
there have been no deaths which are. attributable to ductus division itself. 
Hence, in the experience of this clinic, complete division of the ductus has not 
carried any higher operative risk than ligation of this vessel. 

Without question, some individuals from this group of ninety patients could 
have had a perfectly satisfactory result from ligation. Possibly it would have 
been good judgment to ligate those ducti which were small, soft, and easily 
compressible, reserving the division technique for the more difficult cases wherein 
ligation would probably fail to give a complete and permanent closure. How¬ 
ever, from a practical point of view, it has been better to use only one technique 
so that the surgical team could be accustomed to a single, routine procedure, and 
-could standardize this thoroughly. In this way the operator and team have 


•See addendum. 
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udequate rehearsal, and hence are hotter equipped to tackle the occasional cose 
in which there is a formidable problem liecanse of the conditions in the ductus 
or the regional vessels. 

In these ninety individuals with complete division of tho ductus, there were 
three with superimposed Sir. viridans infection. While division was under¬ 
taken with some trepidution because of the friability of the walls of tho pul¬ 
monary artery or aorta, in no ease did hemorrhage occur at the time of operation 
or subsequent thereto. (In the total series of 133 patients with ligation or 
division of a patent dueths arteriosus, there were eleven instances of superim¬ 
posed, active Str. viridans infection. These were all in tho prepenicillin era. 
In no case could the blood stream be sterilized preoperatively with the sul¬ 
fonamides which were then available. Of these eleven patients, four continued 
to hdve baeteremiu following operation and suliscqucntly died from continuing 
infection. Tho other seven have been cured of their disense.) 

There are doubtless some surgeons who will maintain that division of a 
patent ductus carries an unwarranted risk, and that adequate results have been 
obtained by ligation alone. I would like to anticipate these objections by point¬ 
ing out that personal communications from a considerable number of physicians 
and surgeons indicate that there are postoperative recurrences in a considerable 
number of patients. This information has not yet appeared in publications. 
Furthermore, any claims for completely satisfactory results following ligation 
should clearly indicate wlmt types of cases linvo been operated upon. I fully 
agree that in children, where tho ductus is soft, yielding, elastic, and easily 
compressible, a ligation can nlmost always lie relied upon to produce a permanent 
closure. However, in older individuals, particularly in adults beyond 18 to 20 
years of age, the ductus is frequently unyielding, is difficult to compress, mid 
has an exaggerated pulsation transmitted to it by a sclerotic and fixed aorta. 
Under such circumstances I am convinced that ligation in any form will occa¬ 
sionally lead to partial recurrence of the fistula. It is primarily because of 
somo disappointments in tho adult greup that I have turned to division of the 
ductus in all cases. 

SUMMARY 

The surgienl technique herein described for complete division of the pntent 
ductus arteriosus has been employed hi ninety cases. Two patients died, ouo 
from staphylococcus mediaatinitis and the other from cardiac decompensation. 
Neither fatality was related to the division itself, and in neither instance would 
simple ligntion have avoided a fatal issue. The completo division of tho patont 
ductus has been so completely satisfactory that all forms of ligntion of the vessel 
have now' licen completely abandoned. 
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ADDENDUM 

July, 1947. This series has now grown to 180 cases of complete division with a total 
of four deaths: one from Staphylococcus mediastinitis, one from faulty anesthesia, two from 
cardiac failure. There have been no deaths from hemorrhage, either at operation or subse¬ 
quent thereto. 

DISCUSSION ON “COMPLICATIONS OF THE SURGERY OF PATENT DUCTUS ARTERIOSUS” 

BY DR. JOHN C. JONES* AND “COMPLETE DIVISION FOR THE PATENT DUCTUS 
ARTERIOSUS” BY DR. ROBERT E. GROSS 

DR. CLARENCE CRAFOORD, Stockholm, Sweden.—When I was here last in 1939, 
I had an opportunity to see the first of these cases of Dr. Gross in Boston, and they really 
intrigued me. Upon returning, I talked to our physicians in Stockholm, and they were not 
enthusiastic over sending such patients for operation at that time, so it took me about two 
years to persuade them to try it. 

At that time there was already one slight recurrence among Dr. Gross’s patients. One 
could hear a continuous murmur, which was very much reduced compared with the murmur 
that the cliild had before operation. TVe discussed the possibility of dividing the ductus 
because of this recurrence at that time. In my first operation, a rather wide and short ductus, 
I divided. You have seen the teclmique, which was very similar to the one Dr. Gross has 
described to you just now. 

The next few patients had rather long and narrow ducti which I did not consider 
it necessary to divide. I ligated them doubly and had about 4 or 5 mm. of the ductus be¬ 
tween the two ligatures, one up on the wall of the pulmonary artery and the other close to the 
aorta. I hoped that scar tissue would develop. 

Since that time we have operated upon seventy-one patients, and have found that a 
little more than half of them have had ducti which had Buch a tough wall and were of 
such length that they could be ligated easily and safely. The other half, on the other hand, 
had a short and wide ductus, and those we have divided. 

In a borderlino patient with not very good general condition, it seemed possible to 
lignto the ductus, and, wishing to get out of that chest as soon as possible, I did a ligation. 
When the ligature was tied, it cut through, and bleeding from both the pulmonary artery and 
the aorta occurred at the same time. It was somewhat difficult to control the bleeding, but it 
was possible. It was necessary to apply clamps across the aorta above and below the hole 
in the aorta and to apply a side-clamp to the pulmonary artery. 

When that was done, the bleeding was controlled, and it was possible to suture the aorta 
and the pulmonary artery. 

In all the other patients I have used that technique wliicli was forced upon me the first 
time in this case. 

Now wo have somewhere between thirty and thirty-five successful cases in which we 
have used the cross-clamping on the pulmonary artery. 

It is possible to excise all the ductus tissue out of the aortic wall, and get normal 
aortic wall edges sutured against each other, which may be more safe than to leave tissue 
behind which might later give difficulty in forming aneurysms. In our whole series,t we have 
had only one recurrence, and that was in a divided septic patient. 

•See page 305 for article by Jones. 

tSeven with sepsis; all the other ones without Infection. 
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Tills was an infected patient in •which I divided the duetus. She seemed to do quite well 
at first, blood cultures were negative, and she was sent home as cured. Two or three months 
later sho came back to the hospital with the sumo condition sho had had when she first entered. 
I tried to reoperato, and at operation it was found that a sort of aneurysm had developed 
between the aorta and tlio pulmonary artery, and there was a wide communication between tho 
two vessels. 

Since then I havo used tho pericardial flap, which always covers the ductus as a sort 
of plastic material to suture down in the bottom of the groove between the pulmonary artery 
nnd the aorta after division of the ductus. 

I quite agree with Dr. .Tones that it is advisable to havo a very good approoch in cases 
like this, I havo used tho same incision shown you here today, for the ductus, usually taking 
nwny the fifth rib, sometimes the fourth. 

If bleeding complications should occur during operation It Ip essential to have a very 
wide incision to bo able to control a severe bleeding. 

We havo had In our series, two deaths. Tho first one was tho patient with the recurrent 
condition, just described. Sho died on the operative day after wo had tried to close her 
fistula once more. We eonld not close it at operation, nnd alio expired a few hours after 
operation. 

Another patient who died was a little child, about G yearn of age. She had one of the 
shortest operative times that wo have had, nnd everything wne quite uneventful. When the 
operation was finished, on aspirating tube was passed through tbo intratracheal tube, and 
she was aspirated with too high a negntivo pressure. I didn’t observe that the catheter 
paasod through the intratracheal tube was passed with difficulty, so I believe that the sudden 
death must have been duo to a very rapidly increased negative pressure ineido the bronchial 
tree. Sho had an aouto heart stop. Wo re-entered nnd massaged the heart, and were able 
to got her back to life, but the time it took was too long. She developed cerebral symptoms, 
nnd died within twenty-four hours after operation. 

I would bo a little afraid of tearing and pulling with tho type of clamps Dr. Gross 
showed just now. On these heavy clamps, yon do not need to havo much movement in order 
to tear a fragile ductus and have bleeding. It must bo necessary to bo very caxoful in using 
those clamp*, nnd it might be safer to use cross clamping of the aorta and side clamping of 
the pulmonary artery. 

DB. OWEN H. WANGENSTEEN, Minneapolis, Minn.—My associate, Dr. Varco, and 
' I want to record a minor variation in the technique of closure of the patent dnetus arteriosus. 

AU of us aro aware of the great impetus Doctor Gross has given thoracic surgery in 
developing his own interest in vascular sugery. In Minneapolis, there has been an intense 
interest in the subject of patent duetns for a long time, but we, as our Chairman pat it 
yesterday, had our eye on the sight but wo failod to pull the trigger. 

In 1935, Dr. George Fohr, well-known Minneapolis internist, had a patient of 22 years 
with a patent dnetus for whom he recommended the operation since done by Dr. Gross. Dr. 
Elliott Cutler in February of that year came out to Minneapolis to give the Judd Lecture. 
Dr. Cutler, Dr. Fahr, and I discussed the problem at length nnd subsequent to Dr. Cutler's 
visit, ho and I exchanged lotters upon tho matter. Dr. Cutler's parting advice to me upon 
the matter, as I remember it, was to put a Parham band upon the ductus. 

Onr patient had a largo heart and cardiac decompensation. As I recall it, Dr. Gross’s 
first patient was 7 years of age. Tho experience that my associates and I have had in op¬ 
erating upon patients past late adolescence suggests that the operation in such individuals 
is ordinarily more difficult than In the younger age groups. It was providential that Dr. 
Gro«s chose for his first trial with the procedure a young child, in whom tho problem of 
dissoction-was ampler. 

Since Dr. Gross’s description of division of the ductus, Dr. Varco and I have followed 
this procedure exclusively. Wo have had the experience of re canal! ration following liga¬ 
ture of the dnetus, which is not pleasant. 



324 


THE JOURNAL OF THORACIC SURGERY 


(Slide.) AVc have now divided the ductus in thirty-three consecutive cases without 
deaths or recurrence; in fact, we have given up ligature altogether. The special point which 
we wish to emphasize in the dissection is the development of a tissue plane to facilitate the 
dissection at its most difficult point, the anteromedinl angle between the aorta and the pul¬ 
monary artery. The fibrous layer of the pericardium is tougher than the walls of the two 
adjacent vessels, which the dissection proposes to separate. In consequence, bills part of 
the dissection is always slow and difficult. In some instances, as Dr. Gross has been at pains 
to point out, the lappet of pericardium over the ductus may be dissected off readily. Mnny 
times, however, such is not the case, In those instances, we define the outer, tougher, fibrous 
pericardium and dissect it off the thin, inner, serous pericardium. Failing to do this readily, 
wo open the pericardial sac deliberately and free the ductus from the outer fibrous layer of 
the pericardium. In the presence of a large henrt and a large pulmonary' artery, especially 
in older children or adults, this dissection is not easy. Nevertheless, we feel, after having 
employed tliis scheme routinely in all patients in whom the ductus has been divided, that this 
expedient simplifies the most difficult part of the dissection. Having dissected off the fibrous 
pericardium, the separation of the aorta from the pulmonary artery on their medial aspects 
becomes now an easier dissection. In the final stages of the dissection, employment of an 
illuminated lucite elevator or dissector has proved very helpful in identifying the diaphanous 
fascial layer before the aorta and pulmonary artery, after the fibrous pericardium has been 
dealt with. 

In the division of the ductus, we employ three long, strniglit hemostats. Two are put 
ordinarily on tlio pulmonary- artery side and one on the aortic side of the ductus. The wider 
cuff is left on the side with the single clamp. The upper clamp on the pulmonary side is re¬ 
moved and the cuff oversewn, as described by Gross. Before removing the remaining hemo- 
stat, however, we place a “stick-tie'’ suture behind the clamp, the suture being anchored in 
a remnant of fibrous pericardium. This scheme insures satisfactory hemostasis without bleed¬ 
ing. It is important not to place this suture in the arterial wall, lest the lumen of the vessel 
bo entered, thereby inviting troublesome oozing. The isolation of n remnant of fibrous peri¬ 
cardium in juxtaposition to the remaining hemostat, on the pulmonary artery as well as aortic 
side of the ductus, affords an excellent anchorage for the “stick-tie” suture which will in¬ 
sure satisfactory hemostasis. 

We have employed this method in the instance of a boy of 20 with a large, broad com¬ 
munication between the pulmonary artery add the aorta in which the two vessels appeared 
to fuse without the intermediary of a connecting ductus. 

DR. ARTHUR S. W. TOUROFF, New York, N. Y.—Since returning from the Army, I 
have operated upon five patients -within a relatively short period of time; and accordingly, 
assume that there are still many patients suffering from patent ductus arteriosus, who will 
sooner or later come to surgery. The subject of ductal surgery, therefore, remains timely. 

My experience with ductal surgery- began early in 1940, when I had occasion to operate 
upon four patients suffering from patent ductus with superimposed subacute bacterial 
endarteritis. Some of you may recall that the results were reported at the 1940 Meeting of 
this Association and that they were not particularly brilliant. Among the four patients, there 
was one cure of the infection, two deaths from hemorrhage, and one in which operation failed 
to influence the course of infection. 

Subsequently, with increasing knowledge of the problems presented by operating in the 
presence of infection, the results improved. By the time I entered the Army in 1942, I had 
operated upon nine additional patients with infected patent ductus. Of these, seven were 
cured and two unimproved. There were no operative deaths. Today, with the use of massive 
doses of penicillin, it can be assumed that there will be little necessity for operating in the 
presence of active infection. However, our results did establish conclusively thrit surgery 
alone was curative. I might add that our eight cured patients have been followed for from 
four to six and one-half years and that all of them have remained well. This, in turn, would 
indicate that operation tends to protect against the development of infection. 
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Both J>r. Jones and Dr. Gross Imre mentioned cases iu which they assumed that re- 
cnnalizntlon of the ductns occurred after ligation. While in somo of their coses the patient 
dcvelojK'd unmistakable evidence of recjinolimtion ns evidenced by typical changes in blood- 
pressure, in other* tho only ovldenre on which the diagnosis wns made wns the persistence of a 
murmur. I do not believe that the mere presence of a murmur, without the other criteria of 
ductal patency, indicates that the ductus is open. 

In the first patient with pntent ductus complicated by superimposed endarteritis there 
was serious opemtivo hemorrhage. Fortunately, the hemorrhage wns controlled but, in the 
process, tho ductns was doubly clamped, completely divided, and ligated. We had a sterile 
stethoscopo available during operation and listened to tho murmur periodically. It was in¬ 
teresting to note that even after the ductus had l>een divided and ligated, a loud murmur per¬ 
sisted over tho pulmofluty artery. When the pulmonary nitery wan compressed, the murmur 
disappeared only to reappear when the pressure wag released. I assumed that the murmur 
was produced by the swirl of blood through the dilated pulmonary artery. An analogous situ¬ 
ation obtains in cases of congenital dilatation of the pulmonnry artery. In such cn>cr, a char¬ 
acteristic murmur often is present. In tho case whirh 1 hnve cited, the murmur persisted for 
several months despite the fact that the circulatory stntu.* became normal promptly. I have 
encountered similar situations on a number of occasions since then and, therefore, am not In¬ 
clined to nceept n diagnosis of postoperative ductal {latency merely on the presence of a per¬ 
sistent murmur. 

In thoso instances in which a ductus nrtunllv is {intent following operation, patency 
may bo attributed to incomplete occlusion by the ligature at the time of operation or to 
sloughing secondary to infection following operation. Both I>r. .tones and Dr. Gross have 
stated that in a number of their enses they tied their ligatures rather lightly for fear of 
cutting through the ductus. Furtheimore, I lielieve that Pr. Gross originally recommended 
the use of cellophano os n ligature material because he feared a tight silk ligature and de¬ 
liberately sought some material which would produce a sulwtnntial degree of jieriductnl fibrosis 
and thereby result In gradual completo occlusion of the ductus. I, personally, have tied two or 
tliree heavy silt ligatures about the ductus as tightly as possible. In none of the cm-es has 
there been evidence of cutting through of the ligatures following operation, despite the fact 
that a great deni of force was applied in tying them. 

Assuming that a ductal ligature Ims not been tied loosely, it is my impression tlint re- 
cnnnlizntion is the result of cutting through, Induced not liy tying the ductus too tightly, but 
by infection. Furthermore, I bclievo that secondary infection also is responsible for late hem¬ 
orrhage such ns 1ms been reported by Dr. Jones. Although Dr. Jones’s patients demonstrated 
no clinical evidence of infection, it seems fair to assume that the granulation tissue and tho 
pulmonary erosion-which were found at the timo of reoperntion could only have been the re¬ 
sult of continued low-grnde infection. In view of the time Interval which had elapsed between 
the first and second opomtions, one would expect to find firm scar tissue everywhere in the local 
operative area. Instead, Dr. Jones found soft granulation tissuo and a local erosion of the 
lung, although cultures proved sterile. I would like to ask Dr. Jones whether the patient re¬ 
ceived penicillin or sulfonamides, and if so whether they might not have been responsible 
for the sterile culturesf 

In regard to ductal division, I lmve had experience in only three cases. These were all 
early in my experience with dnctal surgery. None of them was planned and all of them 
wore done in an effort to control accidental hemorrhage. Although first to perform ductal 
division, you now enn npprcciato why I have long considered it a doubtful honor. Wliile 
overseas, I received from Dr. Gross a reprint of the article in which lie first described his 
technique of planned dnctal division. In view of the operative findings previously encountered 
in certain cnees, notably adults, I wrote him tlint I would be very much interested in hearing 
of his future experiences with the operation. In operating upon adults, I often found the 
ductus to be sclerotic, thinned oat, and sometimes rnlciflc. The pulmonary artery usually was 
much more dilated and thinner than in children, apparently because of the fact tlint the lesion 
had been of longer duration. Not Infrequently, the sclerotic dnetus wns firmly adherent to the 
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thinned-out, dilated, pulmonary artery. I found that such a state of affairs was mucli more 
likely to be attended by accidental operative hemorrhage than in cases in which the ductus 
was soft and rubbery and had much more nearly the consistency of a normal vessel. 

I would like to ask Dr. Gross whether he has been able to divide the ductus as safely 
in adults as in children and whether lie has specifically applied the method in cases in which 
tho ductus was obviously sclerotic and rigid. On theoretical grounds, it would appear to be 
more hazardous because of the poorer tendency of the rigid-walled ductal ends to be apposed by 
sutures and of healing to take place. However, Dr. Gross’s experience may indicate that tlie 
danger of ductal division in adults is more theoretical than real. 

In closing, I would like to say a few words in regard to ductal division in infected 
patients. Dr. Crafoord referred to a case in which he attempted to divide an infected ductus, 
and regretted it. His experience would tend to support my contention that, in the presence 
of infection, healing is poorer and complications apt to occur. In the presence of infection, it 
therefore appears wise to avoid ductal division if possible. If division should become necessary 
ns a result of hemorrhage, I would recommend the avoidance of any operative technique 
which requires the introduction of a considerable amount of suture material, and the use 
of two, simple, fairly heavy silk ligntures which are placed as far back on the ductal ends as 
possible. In the three cases in which I had occasion to perform ductal division in the presence 
of infection, this method was used and was followed by uneventful recovery. 

DR. EDGAR IV. DAVIS, Washington, D. C.—I wish to call your attention specifically 
to one patient, a I7-year-old boy with a moderately enlarged heart upon whom surgery was 
performed. The duct was found to be about 8 mm. long and only about t> mm. in diameter. 
Two ligatures of cotton tape were easily applied around the duct and were tied tightly. 
About 50 per cent of the murmur persisted. 

Dr. Touroff’s original report described the persistence of a murmur in one patient in 
which the duct had been divided. Dr. Crafoord hap just stated that in one of his patients, 
in whom the duct was divided, the murmur persisted. In Dr. Blalock’s series, the only per¬ 
sistent murmur was in one in which the duct had been divided. These reports, therefore, 
make one wonder if there is possibly some other source of the murmur. With this in mind, 1 
advised another operation for the patient mentioned above. 

Three weeks following the initial surgery, the second operation was performed. The 
ductus arteriosus was surprisingly short and of such small diameter that it was almost incon¬ 
ceivable that it could be patent. In fact, the duct was found with difficulty and then only 
after finding the knot of ligature which had been applied at the first operation. The duct 
was then isolated and two more ligatures of umbilical tape were applied, one on top of the 
other, becauso the duct was too short to apply them side by side. Ten days later, when the 
patient was discharged, a murmur was not heard. Six weeks later, when he returned for a 
checkup, a murmur was present. Although the patient has a persistent murmur, he is clin¬ 
ically cured, ns evidenced by the normal size of the heart and his Bbilitv to engage in com¬ 
petitive sports. I doubt seriously that this duct, with four ligatures around it, all of them 
tied tightly, could be patent. 

Our series consists of twenty-six operations performed upon twenty-five patients. Our 
youngest patient was 22 months old and the oldest was 44 years of age. Both infected and 
noninfected patients are included. Complications consist of temporary hoarseness in one 
instance which cleared in a week, and the aspiration of bloody fluid from the first three patients. 
Since then, no thoracenteses have been done. The mediastinal pleura has been closed in the 
last three patients. No deaths attributable to surgery have occurred in this series. One death 
occurred ten weeks after operation, from intravenous heparin and penicillin given continu¬ 
ously. The family physician suspected subacute bacterial endarteritis, but could not prove the 
diagnosis. No murmur was present just prior to death. An autopsy was refused. With the 
exception of the patient who was operated upon twice, none had either a persistent or a recur¬ 
rent murmur. 

After we had used double ligation in fourteen cases of patent ductus arteriosus, we de¬ 
cided to divide and suture in tho next fourteen patients und then compare the results of the 
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two methods. Howover, when wo studiod our first fourteen eases and found that we had 
finch pood results, we did not feel justified in changing from a very simple procedure to one 
•which is obviously hazardous and technically much moro difficult. 

I am not attempting to bo a “balance wheel, M neither am I opposed to the “division 
and suture” method as advocated and so ably used by Dr. Gross. If, in subsequent years, 
we find thnt.tho division and suture method can bo done with the same degree of sftfety, with 
the samo or lower mortality rate, I am all for it Howover, until then, those of us who per¬ 
haps are not the masters of vascular surgery, as Dr. Blalock, Dr. Cmfoord, Dr. Gross, and a 
few othen, will find It a much safor procedure to do a double ligation with No. 7 cotton 
tape, than to divido and suture. 

DR. JOHN JONES, Los Angeles, Cnlif.—Our severest critics, the cardiologists, use two 
critorin for establishing a diagnosis of the recurrence of the murmur. One is that when they 
hear a continuous murmur over tho pulmonic area, they assume that the fistula lias either re¬ 
established or that the ductus was never closed off completely at the time of ligation. The 
other is the sound track. Those two we have depended upon and done routinely, and, if we 
detect a continuous murmur in the sound track, wo nssumo that the fistula has re-established 
or the fistula was never closed olT. 

The remark about having proved that dilated pulmonary artery makes me feel better.. 
Perhaps some of mine that recurred were that, but we must go on the assumption when we 
hear the murmur when we take the dressings off a day, or two, or three, or a week after 
operation, that probably tho ligation wasn’t tight enouglu 

In tho cneo that you mention, Dr. TonrolT, about there having been a possibility of in¬ 
fection at the site of ligation that caused tho fistula botween the aorta and the lung, the 
material was exnminod by the pathologist, and ho reported fibrous tissue, blood clot in various 
cases of organization formed by reaction, and no ovidonce of Inflammatory reaction in thiB 
tisane removed; 00 I must assume that it was not an infection and was formed by the reaction 
and erosion by the tapes. 

If we had Iiad on inflammatory reaction or an infection at the site of the ligation, we 
would have had the same experience as in an early case reported in Los Angeles, where we 
had an ondarterltis, and vegetation was both on the pulmonary aide and the aortic side of 
the vessels in autopsy. 

DR. ROBERT E. GRO 88 , Boston, Mass.—Dr. Touroff asked about the ages of patients 
and the question of performing divisions in adults. I should have mentioned that our pa¬ 
tients varied from 2 years to 40. I would have been hesitant at first about undertaking 
divisions in adults, but I think that if yon gain experience in youngsters, whero it is easy, 
you can carry out tho procedure in adults. 

Regarding the question of division in infected patients, we have operated upon eleven 
infected patients. Three came witliin the period in which wo have been doing divisions, and 
with some trepidation division was undertaken. In no instance was there any blooding or 
any untoward difficulty. I did, however, take the precaution of placing something between the 
aorta and the pulmonary artery. This was a flat piece of pectoral muscle fascia, about 2 cm. 
square, which was interposed between tho aortic and pulmonary artery suture lines. Dr. 
Wangensteen indicated that pericardium can be pulled between the satire lines. This seems 
to me to be nn admirable suggestion. 



LUNG RESECTION FOR PULMONARY TUBERCULOSIS 

Charles Philamore Bailey, M.D. 

Philadelphia, Pa. 

P ULMONARY resection is a relatively new type of.treatment for tuberculosis, 
at least in its modem form. As yet it is under some cloud because of the 
dramatically poor results first obtained. However, most new procedures, meth¬ 
ods, and mechanisms have certain inherent bad features which can be eliminated 
only by persistence and increasing experience. After an experience with eighty 
pulmonary resections for tuberculosis, I feel satisfied that the procedure is here 
to stay, will become progressively standardized, and will become increasingly 
more satisfactory as regards long-range "cures." 

First, it is painfully apparent to every phthisiologist that collapse therapy 
is unavailing or actually dangerous in certain types of tuberculous involvement 
such as tuberculoma, stenosis of large bronchi with definite retention of secre¬ 
tions, and persistent check-valve or tension cavities, and should never be utilized 
in them. To this list might be added eases of unilateral, caseous pneumonia with 
extensive cavitation throughout an entire lung (the ‘‘destroyed lung"). In 
addition, there are many cases in which collapse therapy has already failed 
repeatedly, or in which it will probably fail. These are cases in which satis¬ 
factory anatomical collapse by thoracoplasty has failed to convert the sputum 
(the same with pneumothorax) and certain eases of lower lobe cavitation, giant 
cavities, and residual tuberculous bronchiectasis. 

It is evident that there is a very definite need for some effective type of 
treatment in such cases. Pulmonary resection would seem to be the answer, 
providing it can be done with an acceptable mortality and morbidity. It must 
be noted that this mortality and morbidity does not have to be comparable to 
that in thoracoplasty or pneumothorax therapy, since resection is recommended 
only in cases unsuitable for these treatments. Of course, if and when the 
mortality and morbidity of resection is reduced to levels comparable to that of 
collapse therapy, then some consideration may be given to generally replacing 
collapse measures by extirpation of the patient’s most malignant tuberculous 
focus. 

It is essential to remember that tuberculosis is always a generalized disease, 
with demonstrable foci in lungs, kidneys, spleen, bones. One must not forget 
that we can only hope to extirpate or heal the most malignant tuberculous 
lesion, whether it be by lobectomy, thoracoplasty, nephrectomy, arthrodesis, 
spine fusion, or amputation of an extremity. We trust that the patient will 
then be able to heal all other foci in his body. Hence, he still must be under 

Rend (by tIUe) at the Twenty-sixth Annual Meeting of The American Association for 
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a general therapeutic regime for a prolonged period of time. It must be fully 
recognized that if the patient is suffering from a progressive generalized or 
even multiple focus tuliereulosis, our local efforts are doomed to eventual failure 
except in rnro instances. Thus pneumonectomy for acute caseous pneumonic 
disease hears a much poorer eventual prognosis than pneumonectomy for severe 
bronchial stenosis with essentially healed parenchymal dlseaso, rince in the 
former case the generalized disease process is much more likely to produce 
another virulent focus in the other lung or elsewhere. This consideration does 
not necessarily contraindicate pneumonectomy in acute pneumonic disease, hut 
it does indicate that the eventual prognosis and statistical results in such eases 
mast inevitably lie poor. 

Having mentioned the generally recognized indications for pulmonarv 
resection in tuberculosis, and having suggested the jwssible results obtainable 
by technically successful operations, we must consider-in some detail the 
methods by which technical success may be routinely obtained. 

The commonest causes of mortality and morbidity in resection for tuber¬ 
culosis arc: (1) asphyxia during tho operation duo to mechanical expression of 
copious secretions into the bronchial tree of the nonaffccted lung; (2) spread 
of the disease to the contralateral lung or to the remaining ]>ortion (if any) 
of the same lung; (3) hemorrhage or shock; (4) postoperative opening of the 
bronchial stump, producing a bronchopleural fistula; (5) tulierculous empyema, 
early or late; (C) pyogenic empyema; (7) a combination of tho last threo com¬ 
plications; and (8) marked depart urea in postoperative pleural pressures from 
the normal. 

Lot us take up each consideration in detail. 

1 and 2. Prevention of obstruction of the airways by copious sccretioas 
from the affected lung is extremely important. In the usual lateral or postero¬ 
lateral operative approach, and even tho anterolateral approach, gravity insures 
that any secretions expressed from tho diseased lung must pass into the trachea 
and then enter the bronchial tree of the more dependent lung. The anesthetist 
may be nblo to aspirate part of these secretions with a catheter introduced 
through an endotracheal tube. In cases where the secretions are copious, he must 
inevitably fail to removo all of them, since the tracheal aspirations must be 
interrupted by longer periods during which anesthetic gases are introduced. 
Once these secrctioas enter the smnller bronchial brandies, they can only be 
removed by coughing, since even the bronchoscopic aspirator passed under direct 
vision cannot evacuate the contents of obstructed bronchioles. Add to these 
mechanical factors the reluctance of many anesthetists to aspirate through the 
endotracheal tube unless audible bubbling of secretions is present, and one will 
see that such nonchalance in surgical approach nnd anesthesia must be attended 
by considerable risk of actual asphyxia, and, where this is avoided, of obstruc¬ 
tion of the smaller bronchi by infectious secretions. This latter situation leads 
in many cases to segmental atelectasis and tuberculous pneumonitis ("spread”). 

Ono would think that endobronchial anesthesia would prevent the develop¬ 
ment of asphyxia or contralateral tuberculous spread. Unfortunately, the 
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usual type of endobronchial anesthesia tube is arranged to be passed blindly. 
Tims, one cannot be completely sure that the tip of the tube is in the appropriate 
bronchus, or how far in. In an attempt to improve this method, Dr. Henry S. 
Ruth and myself have modified a Woodbridge-Flagg type of tube so that the 
obturator is really a 5 mm. bronchoscope. This may be simply and accurately 



Fig. 1.—Direct vision endobronchial catheter, obturator in place. The rubber sheath has 
been drawn back from the tip to show the coil-spring construcUon. Note Inflatable cult. Ob¬ 
tainable from Richard Foregger Co., New York City. 




Fig. 3.—Flexibility ot tube after removing obturator. This lessens trauma to air passages. 

passed into the bronchus of the normal lung for the desired depth. An in¬ 
flatable rubber cuff close to the tip obstructs passage of air or mucus between 
the trachea and the intubated bronchial tree. (See Pigs. 1, 2, and 3.) A very 
satisfactory endobroncliial anesthesia is thus obtainable and contralateral 
spread or asphyxia from secretions would seem to be preventable by this method. 
However, sometimes the inflatable cuff may become deflated. Therefore, it is 
advisable to employ a considerable degree of Trendelenburg position, so that 
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gravity -will aid in keeping secretions from passing by the possibly deflated 
cuff. Another factor in this type of anesthesia is the frequency with which 
the right upper lobe bronchus is obstructed by the inflated cuff. This permits 
patients undergoing left-sided surgery only the right .middlo and lower lobes 
for oxygenation of their blood. In the hnnds of a good anesthetist, no 
difficulty will bo observed during such anesthesia, but considerable aid by 
manual compression of tho anesthesia bag may be necessary. 

In coses of lobectomy or partial lobectomy, endobronchial anesthesia offers 
no protection against, homolatoral spread of secretions, and it prevents periodic 
inflation of the lung being operated on, which may bo important, especially 
in segmental surgery. 

For these reasons, oven having a satisfactory endobronchial tube, we use it 
only in cases of total pneumonectomy and lower lobo lobectomy. In upper 
lobe resection, middle lobe resection, nnd those total pneumonectomies which we 
expect to bo technically easy, a modification of the Rienhoff anterolateral ap¬ 
proach is used with tho pationt in an extreme Trendelenburg position on the 
operating table. Tho approach is really an anteromedial ono through the third 
anterior interspace with or without resection of an adjacent rib. The good 
lung is elevated abovo the diseased one by a pillow under the shoulder of the 
unaffected side, or by tilting the operating table laterally. For such cases, 
catheter suction through n simple endotracheal tube provides efficient evacuation 
of sCbretions which oithcr stay in tho affected lung ot lobe, or, if they do enter 
the trachea, do not cross to entor tho nppor lung. 

The Overholt support, which permits a posterolateral type of operative 
approach with the pationt in a slight Trendelonburg and the faco down position, 
the disease (operative) side being tilted lower than the good Bide, appears to 
overcome most of theso problems. In this position, a very large surgical 
oxposure is obtained, while secretions arc expressed out of the diseased lung 
only with difficulty, and then drain into tho trachea and out the mouth by 
gravity. Gravity is assisted by suction through a simple ondotraeheal tube. 
Unfortunately, this method, too, docs not completely prevent bomolateral ex¬ 
pression of secretions (homolatoral atolcctasis nnd spread). 

3. Hemorrhage and shock in resection for tuberculosis docs not differ from 
that seen in resection for other pulmonary diseases. It may be combated in the 
uraal way by gentleness, meticulous homostasis, infusions, nnd transfusions. 
The average pneumonectomy or lobectomy patient probably loses 1,600 c.c. of 
blood during the operation and the next twenty-four hours. This should be 
replaced whilo the patient is on tho operating table or soon after. Some patients, 
of course, may loso much more blood. 

4. Opening of the bronchial stump is now, fortunately, becoming rather 
rare. Almost every thoracic surgeon has hi3 own method of bronchial closure 
and every one is getting improved results. Essentially, most thoracic surgeons 
have stopped expecting the bronchus to heal per primam. They merely close it 
with fine sutures which are placed so as to interfere as little as possible with 
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7. Opening of a bronchus into the pleural cavity ordinarily leads to a mixed' 
tuberculous empyema, although either pure tuberculous or pure pyogenic infec¬ 
tion may sometimes ensue. Either of them appearing primarily may predispose 
to opening the bronchial stump. This serious combination of complications is 
frequently fatal and requires rigorous management. While the routine employ¬ 
ment of a thoracotomy, thoracoplasty, and finally, Schede type of program, may 
eventually salvage the patient’s life, it is a prolonged and uncertain course. Per¬ 
haps we should boldly invade the tuberculous pleural space, and reamputate and 
reelose the bronchus, even if this should mean further pulmonary resection. 
Fortunately, such complications become rarer as time goes on, and may eventu¬ 
ally become practically nonexistent. 

8. Morbidity or death from pleural pressure changes may be related either 
to air leaks from the sutured bronchus or lung tissue, to pleural effusion or bleed¬ 
ing, or to homolateral shifting of the mediastinum due to excessive escape of 
pleural air or fluid from the operative pleural rent, which can seldom be closed 
in a truly airtight manner. (See Fig. 5.) In order to control these possible de¬ 
partures from the normal, most thoracic surgeons resort to frequent thoracentesis 
and to determination of the plueral pressure levels in the tightly closed chest. 
Some surgeons routinely drain lobectomy eases but depend upon thoracentesis 
to control pleural pressures in the total pneumonectomies. Various experiences, 
some very dramatic, have led the author to adopt tne policy of drainage in every 
case at a constantly maintained negative pressure (-15 cm.). In pneumonectomy 
patients, the drainage tube is removed in forty-eight hours. In lobectomy pa¬ 
tients, a suction motor is used to exaggerate the negative pressure somewhat, 
and the tube is removed in three to four days, when postoperative x-rays have 
revealed complete lung re-expansion. (See Fig. 6.) 

Besides the adequate management of each of these factors, there are certain 
other very important considerations which must be satisfied if routinely good 
results are to be obtained. First, the surgical technique must be meticulous. 
Individual ligation of the hilar vessels and careful closure of the bronchus are so 
essential that it may be said that a lung tourniquet should be on the operating 
table only to protect against an extreme emergency. It has no other use in pul¬ 
monary resection for tuberculosis. 

Postoperatively, these patients should ordinarily be bronchoscoped before 
leaving the surgical theatre. Subsequently, great pains should be taken to main¬ 
tain complete evacuation of the air passages. The cough mechanism is greatly 
impaired by the presence of a paralyzed diaphragm even after a total pneumo¬ 
nectomy. This is due to unstabilization of the mediastinum because of the 
atonicity and paradoxical movement of the operated diaphragm. Thus, in the 
inspiratory phase of the cough cycle (inspiration, compression, and forceful 
expulsion of air) the paralyzed diaphragm is drawn up into the thorax, per¬ 
mitting the mediastinum to be drawn toward the unoperated side. Thus, a full 
inspiratory filling of the remaining lung is not attained. 

Similarly, diminishing the rigidity of the chest wall by extensive or multiple 
rib resection is attended by impairment of expectoration because of interference 
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, A* B 

Fig. 0.— A, After pneumonectomy the heart and mediastinum may be forced toward the 
opposito aide duo to leakago of nlr or accumulation of fluid under pressure In the pleural apace. 
li, After pneumonectomy atr and fluid may escape during coughlnr from the pleural cavity 
Uirouph a pleural rent Into the layers of the chest wall producing emphysema or ecchymosli. 
Tho vorv hlRh negative pressure produced In the pleural cnvlty draws the mediastinum toward 
it causing torsion of the great vessels and overdletenslon of the remaining lung. Slmplo wator- 
seal drnlnago may produce a similar high negative Intrapleural pressure. 
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Fig. 0.—Constant pressure pleural drainage system. Bottle A prevents pleural pressure 
from becoming more negative than -15 cm. water (or whatever the height of the fluid column 
is). Bottle B is a simple water-seal trap to prevent positive pleural pressure from developing. 
To re-expand any residual lung tissue a mechanical sump pump Is recommended—attach to 
small tube of Bottle B. 
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with both the inspiratory and compressive phases. Pain, too, both by reflex and 
by voluntary limitation of costal excursions tends to inhibit deep breathing and 
free coughing. The author, therefore, never intentionally performs a phrenic 
paralysis during a pulmonary resection except in those instances where rupture 
of a tuberculous cavity demands extreme efforts at obliteration of the con¬ 
taminated pleural space. Phrenic exeresis or phraxis may be performed in a 
week or two after full respiratory compensation has taken place. Likewise, no 
more than one rib is removed for entrance into the thorax, and usually none 
when the anterior approach is used. Careful closure of the pleural rent is always 
attempted. In order to lessen postoperative pain, the intercostal nerves of the 
rib above and below the incision are picked up noth a hemostat and crushed 
before closing the chest. Thus, a relatively painless postoperative course is 
obtained. 

Even with the foregoing measures, there are some persons who cannot effec¬ 
tively cough subsequent to these operations. If turning from side to side, sitting 
the patient up in bed, and the like, prove ineffective, transnasal tracheal suction 
should be employed by the method perfected by Dr. Lyman Brewer. A rela¬ 
tively new, large-caliber Levine tube is passed through the largest nostril into 
the pharynx. The tongue is pulled forward and the patient is encouraged to 
pant vigorously. On an inspiration the tube is passed further, the tip of it tend¬ 
ing to enter the glottic aperture. The patient immediately chokes and gasps 
and is unable to phonate. A strong suction motor is now connected to the Levine 
tube, which is moved back and forth in the trachea, passing even into the lower 
lobe bronchi on one or both sides. If the patient becomes cyanotic the suction 
may be stopped temporarily with the tube in place. The violent bronchial peri¬ 
stalsis induced by this procedure throws much mucus out of the bronchioles into 
the larger bronchi and trachea, where it is either aspirated or easily coughed up 
after the tube is removed. This procedure may be performed by the nursing staff 
at two- to four-hour intervals. 

For patients in whom the tube can be passed only with difficulty or where 
sudden rise of temperature and x-ray evidence of "spread” (really atelectasis 
first) are observed, formal bronchoscopy should, of course, be done. 

In persons requiring frequent tracheal aspirations for copious secretions 
where there is difficulty in transnasal aspirations, a formal tracheotomy may be 
done. Then the aspirations may be carried out as often as every fifteen minutes 
by a catheter inserted through the tracheotomy tube. Between periods of aspira¬ 
tion, oxygen may be administered directly into the trachea by a small catheter 
passed through the tracheotomy tube. Such oxygen flow should seldom be over 
3 L. a minute, and the oxygen should be moistened by bubbling it through water 
before it reaches the catheter. No difficulty in healing of the tracheotomy sinus 
has yet been observed. 

The patient should be got out of bed as soon as he is able, perhaps by the 
first postoperative day. This seems to improve both expectoration and the 
general condition. 
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Subsequent to nn initial successful pulmonary resection, the question of 
thoracoplasty or phrenic nerve paralysis always comes up. In our series the 
treatment has varied with increasing experience. AVhile at first no thoracoplasty 
nor phrenic paralysis was performed except in the treatment of a complication 
such ns nn empyoma, todny one or the other procedure is done as a routine. 
Thus, a temporary phrenic paralysis is ulwnj-s performed subsequent to a lower 
lobectomy. A permanent phrenic paralysis and a seven- or ciglit-rib thoraco¬ 
plasty are routinely performed after total pneumonectomy. A partial (four- or 
five-rib) thoracoplasty is performed after an upper lobectomy. 

Previously in this paper it has been ndvised that tho pleural space be 
obliterated quickly and completely by re-expansion of any remaining lung tissno 
to lessen the risk of tuberculous empyema, and by thoracoplasty where rc- 
oxpansion obliteration cannot lie accomplished. There are two other reasons 
for reducing tho sixo of the nffectcd homithorax which to the author seem sound. 
Ono is the risk of ovoroxpansiou of all remaining lung tissue (on both sides) 
producing progressive and irreversible destructive emphysema. Much experi¬ 
mental and a growing amount of clinical evidence is available to support this 
view. The third reason is tho presumed risk of breaking down a residual caseou3 
focus within the remaining lung tissue by overstretching this section. Certain 
of our cases seemed to give presumptive ovidence that such breakdown might 
occur. A hugo (giant) cavity developed suddenly in the apex of the residual 
right lower lobe eleven months after upper and middle loliectomy. This bal¬ 
looned up so quickly and yet responded so readily to a seven-rib thoracoplasty 
that the physicians in chargo find it hard to believe that the ordinary rules of 
cavitary formation and closure were applicable in tliis case. And reasoning 
backward, if this huge cavity could be controlled uftcr its formation by a 
sevon-rib thoracoplasty, could it not havo been more easily prevented by a five- 
rib operation ? (See Fig. 7.) 

Naliwally, in segmental pneumonectomy the lung is only slightly reduced 
in size, requiring no thoracoplasty. 

As to choice of operative procedure, it is obvious that the ontiro malignant 
tuberculous focus must be removed if possible; therefore, pneumonectomy will 
sometimes be necessary. However, if the process is localized in one lobe, it seems 
nnneccssary to romovo tho other lol>es which may contain small nodules. After 
all, tho lobes in the other lung may also contain such nodnles, and so may many 
other organs such as sploon or bones. 

Segmental resection has beon performed soven times in this sories, twice 
as part of a combined procedure (another lobe being removed at tho samo time); 
and flvo times as an individual precedurc. In general, the course of these cases 
was comparable to that in simple lobectomy. After all, the individual broncho¬ 
pulmonary segments are functionally as separate as individual lobes, and are 
not inseparable anatomically. 

The indications for this surgery, the procedures performed, and tho fatalities 
aro listed in Tablo I. Four of the cases listed as serious bronchial stenosis were 
also cases in which thoracoplasty had been previously performed but wore not 
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A. 


B. 



C. D. 

Fig. 7.— A, B, C, D, B show development of a large cavity in the overdistended apex of 
the right lower lobe eleven months after upper and middle lobe lobectomy for tuberculosis. It 
was readily closed by a seven-rib thoracoplasty. (For Fig. 7, E, see opposite page.) 
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inelnded in the post-thoracoplasty eases. The fatalities and complications listed 
in Tables I and II are those -which have occurred to date. Not all deaths were 
operative, nor were all due to tuberculosis. An evaluation of the pi-csent status 
of the surviving patients is given in Table III. 



FIe. 7 E. 


Tabu; I 




| PNEUMONECTOMIES I 

LOfCCTOMlEd | 

| KCOMENTAL | 

^ % DEAD 

indications | 

oases 

[ TOTAh( 

DE\P I 

' lO.'AL | 

DEAD | 

TOTAL f 

DEAD | 

Berious bronchial 

9 

9 

2 

- 

- 

- 

- 

2232 

stenosis* 

Associated or rc- 

8 

4 

0 

4 

0 

- 

- 

U 

sfdaa! 

bronrliioctasis 

Ineffective 

4 

o 

1 

o 

0 

- 

- 

25.0 

temporary 







* 


collapse 

Very largo cavity 

12 

6 

3 

6 

2 

1 

1 

0 


Clierk valve cavity 

3 

0 

0 

2 

0 

0 


Ineffective perma- 

21 

9 

4 

9 


3 

0 


nent collapse 
Acute progressive 

30 

9 

0 

1 

1 

- 


70.0 

cavitary T3. 

(destroyed lungs) 

Lower lobo cavity 4 

1 

0 

3 

o 


- 

60.0 

Eloctivo 

7 

1 

0 

5 

1 

2 

0 

14.3 

Tnlterculoma 

1 

1 

1 

- 

- 

- 

~ 

100.0 

Total 

80 

41 

16 (3015%) 

32 

8 (25%) 

7 

0 

27J5 


•Four patient* listed as serious bronchial stenosis also had had previous thoracoplasty, 
but wero not so listed. 


SUMMARY 

Eighty patients with pulmonary tuberculosis have been subjected to pul¬ 
monary resection during a four-year period. Tiie indications are the usual ones 
accepted by surgeons doing pulmonary resection for this disease. The methods 
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Table II. Complications in the Entire Series to Date 


COMPLICATION I TOTAL 

I NATALITIES I 

PER CENT 

Spreads, contralateral 

13 

6 

46.1 

Spreads, liomolateral 

2 

0 

0 

Empyema, tuberculous 

5 

2 

40 

Empyema, pyogenic 

4 

0 

0 

Empyema, mixed 

1 

1 

100 

Bronchopleural fistula plus empyema 

7 

O 
• > 

43 

Postoperative cardiuc failure including pulmonary 

O 

2 

100 

Operative cardiac arrest, asvphyxial 

1 

3 

100 

Due to vagal reflex f 

1 

0 

0 

Chest wall infections and sinuses 

6 

0 

0 

Contralateral pleural effusion 

O 

0 

0 

Tuberculous meningitis (6 mo. postop.) 

1 

1 

100 

Tuberculous pericarditis 

1 

1 

100 

Uremia due to amyloid disease (preop.) 3 mo. 

1 

1 

100 

after operation 




Uremia due to transfusion reaction 

1 

1 

100 

Acute postoperative anuria 

1 

0 

• . 0 • 

Hemorrhage from a pulmonary vessel (3 days 

1 

1 

100 

post-tourniquet pneumonectomy) 




Slow re-expansion of residual lobes 

o 

1 

0 

Late development of bronchopleural fistula 

i 

0 

0 

Late development of bronelioesopliagopleural fistula 

i 

1 

100 

Late re-exacerbation of tuberculosis 

2 

1 

50 

Total 

50 

23 


Table III. Breakdown or Present Status 

or Living Patients 


PRESENT STATUS 

1 

NO. | 

% 

Satisfactory with negativo sputum 


39 

68.4 

Sputum-positive (including tho bilateral cases) 


fi 

10.5 

Empyema 


3 

5.2 

Draining sinus 


5 

S.7 

Bilateral (preop.) 


3 

5.2 

Spread with progression 


3 

5.2 

Spread without progression 


4 

7.0 


and details of management which have lessened the formidability of the pro¬ 
cedure in our hands are given in some detail. The results and complications to 
date are listed. They seem to indicate in a general way the reasonable expecta¬ 
tion of success which may be entertained in the various types of pulmonary 
tuberculosis. 

CONCLUSIONS 

Pulmonary resection for tuberculosis is a practical method of removing 
pathologic foci, which resist collapse measures. The actual morbidity associated 
with these procedures cannot be accurately estimated at. the present time, since 
our earliest cases were operated on and managed by antiquated and deficient 
methods, and since very few cases were operated on even five years ago (none in 
this series over four years ago and many were operated on recently). Since 
operative complications may not cause death for months or year's, the actual 
operative mortality is difficult to estimate. Statistics of different clinics vary 
considerably because some physicians may call a contralateral flare-up a spread, 
while other's call it autotuberculinization. Furthermore, one series may include 
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a considerable proportion o£ patients with n very poor prognosis, such as aeuto 
caseous pneumonia, while another may be inrgoly composed of patients with a 
good prognosis, such ns bronchinl stenosis or residual bronchiectasis. In still 
another scries they may be Inrgoly of post-thorncoplnsty patients. Hero tho opera¬ 
tive trauma nnd shock niny be exaggerated by the distorted anatomy, and a con¬ 
siderable risk of operative cavitary rupturo is ever present 

But when all this is allowed for, it must be accepted that pulmonary resec¬ 
tion is applicable in many cases where no other mothod of treatment is feasible, 
and in such patients it presents an operative mortality of probably less than 20 
per cent. Further efforts and the elapse of several years will be necessary before 
exact evaluation is possible. 



INTRABR ONCHIAL HEMORRHAGE IN BATTLE CASUALTIES 


Mark H. Williams, M.D. 

Binghamton, N. Y. 

INTRODUCTION 

I N THE Sicilian and Western European Campaigns, 118 men having thoracic 
wounds were treated by the writer and other members of an auxiliary surgical 
team. The group included thirty-three with thoracoabdominal wounds and 
eighty-five with penetrating or perforating thoracic wounds (Table I). Most of 
these were the more severe “nontransportable ” casualties as seen in Field 
Hospitals. A clinical triad, intrabronchial hemorrhage, ineffectual cough, and 
anoxia, was of frequent occurrence. In these patients, prompt relief of the 
bronchial obstruction was urgently required. This report considers the etio¬ 
logical factors, the clinical features, and the method of treatment that was 
evolved in the management of the respiratory embarrassment in this group. 
Emphasis is placed on the necessity for immediate and thorough clearing of the 
tracheobronchial tree as a part of resuscitation. The advantages of broncho- 
scopic aspiration to accomplish this objective is stressed. A technique of in¬ 
strumentation without anesthesia, with simultaneous administration of oxygen, 
and without moving the patient from a semisitting position is advocated. The 
method proposed was generally used by anesthetists and surgeons of the Third 
Auxiliary Surgical Group, the members of which performed over 19,000 opera¬ 
tions under field conditions in Western Europe, among which 1,306 broncho- 
scopic aspirations are recorded. 

The intrabronchial hemorrhage in the patients to be described was never 
severe. Impairment of cough was always present, however, and most of the 
patients having severe symptoms had not been able effectively to clear their 
air passages for a period of from six to twelve hours. Invariably, those present¬ 
ing the more severe degrees of anoxia were those in which ineffectual cough had 
resulted in a "spill” of blood and secretions into the unaffected lung. The 
factors that were noted to impair cough were, in order of their importance: 

1. Dyspnea due to hemothorax and bronchial obstruction 

2. Pain and the fear of pain caused by coughing 

3. Shock 

4. Sucking wounds 

5. Lacerations of the diaphragm 

6. Cerebral anoxia 

7. Morphine narcosis. 

It seems likely that in past wars those sustaining thoracic wounds pro¬ 
ductive of severe respiratory embarrassment have either been included among 

Read (by title) at Uie Twenty-sixth Annual Meeting of The American AssociaUon for 
Thoracic Surgery, Detroit, Mich., May 29, 30. and 31. 1946. 
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Table I. Thoracic Wounds 


TYPE 

1 NUMBER 

i \'0. DEATHS 

1 % MORTALITY 

Penetrating 

35 

1 

2,8 

Socking 

50 

7 

14 

Tliorncaalxlominnl 

33 

0 

18.1 

Totals 

118 

14 

ns 


the high percentage of chest wounds that arc fntnl on the battlefield 1 or tho 
men have not survived to roach a hospital. The frequency with which casualties 
of this type wore scon in the recent conflict was doubtless duo, in part, to the 
proximity of hospitals to the front. No less important, however, wns the 
prompt treatment received for sucking wounds and shock in aid stations and 
the reduction in the time required for ovacuation. 

bibliography 

For reasons considered above, the subject under consideration has received 
scant attention in all except the most recent literature of military surgery. 

Jolly 1 writing of his oxivericnec with chest wounds in the Spanish Civil 
AVar, states: “Almost 90 per cent of the totnl number of cases show hemoptysis, 
hut in those in which tho wound wns caused by a'bullet, tho bleeding rapidly 
diminishes and usually ceases towards the end of the first week.” Again, speak¬ 
ing of the operative treatment for laceration of the lung, he sayB: “Hemoptysis 
is seldom severe enough to cause nlnrm. It censes spontaneously under genoral 
treatment, especially repented injections of morphine.” It can he inferred 
that these patients had comparatively minor wounds and that their cough 
mechanism wns effective. An will be shown later, the operative difficulties 
encountered in the thoracic operations reported here, wei'e, in tho main, those 
connected with keeping tho airways clear of blood. That Jolly experienced 
tho same difficulty can lie deduced from his account of the surgical problem 
involved in tho repair of tho lacerations of the lung nnd diaphragm. Regarding 
this, he says: “Tho operation must be performed quickly ... tho patient’s 
condition is precarious throughout . . . many of the more gravoly wounded men 
die on the tnblo.” 

In Bailey’s more recent and more comprehensive volume concerned with 
war surgery, Edwards’ does not consider this subject. Magill* in tho same 
volume, writing on tho anesthesia in thoracic injuries considers the problom 
briefly: “It is essential to maintain a freo airway at all times . . . intubation 
should be reserved for those operations during the course of which it may he 
necessary to aspirate blood from the trachea and bronchi.” Ho does not sug¬ 
gest bronchoscopy. 

Churchill,’ writing on his observations of chest injuries in tho Mediter¬ 
ranean Theater, makes specific but brief mention of the difficulties caused by 
bloody secretions in the ninvnys, as follows: “The nse of bronchoscopic and 
catheter tracheobronchial aspiration to clear the respiratory passages of bioody 
secretions has found increasing use.” His olracrvntion that oxygen therapy is 
ineffectual without such aspiration has been confirmed many times in this study. 
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Sampson 0 working in the same theater, appears to be more enthusiastic in 
the application of bronchoscopy. In a recent letter he wrote : “We agree 
perfectly about the value of aspiration of the bronchial tree whenever or wher¬ 
ever there is difficulty in raising. As a teaching principle for other teams we 
have probably done more catheter aspirations, since this is a bit easier to teach. 
However, there is no doubt that bronchoscopy is more efficient than the catheter. 
We have been surprised that bronchoscopy can be repeated so often without 
ill effect.” 

In more recent communications regarding general hospital experience with 
thoracic wounds 7 ’ 8 tracheobronchial aspiration is either ignored or given only 
passing consideration. In general, it may be noted that the application of 
tracheobronchial aspiration is advocated most warmly by those whose experi¬ 
ence was gained with “nontransportable casualties” in field hospitals. In this 
connection, comparison of the article of Betts® with that of Welch and Tuhy 10 
on thoracoabdominal wounds is of interest. The former's experience was largely 
in field hospitals and was presumably similar in every way to that reported 
here. He strongly advocates tracheobronchial aspiration postoperatively and 
states: “We believe that all members of any thoracic surgical team, surgeon, 
assistant surgeon, and anesthetists, should be competent bronchoscopists in 
order that the benefits of bronchoscopy will always be available.” Welch and 
Tuhy’s experience was in an evacuation hospital. They consider tracheobron¬ 
chial aspiration in neither pre- nor postoperative treatment. Among other 
postoperative pulmonary complications they record five instances of atelectasis 
and four of bronchopneumonia in seventy operative cases, an incidence of 12.8 
per cent. Betts, 0 in an experience with thirty-one field hospital patients who 
were presumably more gravely wounded, records two fatal pulmonary com¬ 
plications, one from “strangulation,” and another from lobar pneumonia, an 
incidence of 6.4 per cent, or exactly half that of the former series. 

In a communication from the Mediterranean Theater, Snyder 11 considers the 
preoperative role of tracheobronchial aspiration in chest wounds. He advocates 
intercostal nerve block and catheter aspiration, but adds that, “in some in¬ 
stances bronchoscopic aspirations must be used.” He recommends routine 
aspiration through the bronchoscope at the end of the operation. 

Beecher 12 in an article of anesthesia practice, from the same theater, op¬ 
poses the routine use of the bronchoscope in thoracic injuries, but advocates 
tracheobronchial aspiration. His objection to bronchoscopy at the end of opera¬ 
tion because it necessitates deep anesthesia or the application of a local anes¬ 
thetic is not substantiated in this study. As will be shown later, bronchoscopy 
can be safely done in these patients without any anesthesia, local or general, 
and for various reasons omission of any anesthetic is advantageous. 

In contrast with the foregoing, specific and detailed consideration of this 
subject is found in two more recent communications from the Mediterranean 
Theater which consider casualties of this type under the title of “Wet Lung.” 
In the first, Burford and Burbank 13 report seventy-nine patients “first seen 
within forty-eight horn’s after being wounded, the majority of which were seen 


In a personal communlcaUon he reports one nonfatal case of atelectasis. 



WILLIAMS: TNTRABRONCniAL IIEMORRITAOF: IN BATTLE CASUALTIES 345 

within twenty-four hours. ” They postulate tho view that “in all wounds of tho 
chest, to a greater or lesser degree, depending upon tho typo and severity of tho 
lesion, tho lung tissue reacts to produce more than its usunl amount of interstitial 
and intraalveolar fluid .’' They suggest the ".existence of reflex bronchial and 
bronehiolar spasm originating from a painful chest wall or pnrietal pleura, which 
would explain somo of the phenomena observed. ’ 1 In their treatment, they 
stress tho desirability of "abolition of pain and physiologic remobilization of 
tho chest .wall’ - by intercostal injections (novocain nerve block). 'With this 
treatment they report that “the cough becomes painless and effective, and 
evacuation of the bronchopulmonnry tree becomes established.” In some in¬ 
stances they utilized traeheohroncliinl catheter aspiration, and state that, “in a 
fow, bronehoscopic aspiration may be necessary.” 

The second communication of Brewer and his associates 14 considered under 
tho heading of "Causativo Factors”: “Forces leading to the production of 
secretions and other fluids in abnormal amounts in the respiratory tract” and 
“conditions preventing adequate removal of the fluids so produced.” To sup¬ 
port the view that abnormal amounts of secretions am produced, they cite tho 
experimental work of Drinker and Warren 1 ' and make clinical application of 
the findings of these authors. They do not evaluate the relntivo importance 
of these factors. Liko Bnrford and Burbank, they advocate bronchoscopy only 
after intercostal nerve block or catheter suction has been tried. They state 
that topical anesthesia for bronchoscopy must bo employed “in all except 
semieomatoso or moribund patients.” In addition, they advise that 100 per cent 
oxygen should be administered through tho bronchoscope during this procedure 
to all patients who have anoxia. Thcso practical features of treatment will lx> 
discussed lntor. 

The observations of these authors that patients in this category may be 
confused with pulmonary edema has been confirmed in this study. The familiar 
clinical signs of tho latter, together with the frothy, bloody sputum should 
make the differential diagnosis easy. In tho group reported here, pulmonary 
edema was occasionally seen in patients who had been given large amounts of 
plasma prior to whole blood transfusion. They were commonly in a state of 
irreversible shock. 

The writor’s experience indicates that, in general, ineffectual cough alone is 
tho basis for the symptoms in this type of injury, and that the benefits re]K>rtcd 
by those authors with novocain injections are duo entirely to tho increased 
effectiveness of cough which followed relief of pain. This view is supported by 
our observation that striking relief which persisted for several hours usually 
followed thorough bronehoscopic aspiration (Cases 1, 2 and 3). Pulmonary 
edema excepted, persistence of “wetness” after any treatment short of bronchos¬ 
copy, performed as hereinafter described, appears to the writer to he due to 
incomplete clearing of the tracheobronchial tree. In gonernl, wc preferred to 
use what is admittedly the most effectual method of clearing the airways 
(bronchoscopy) at once, correct shock, and then proceed, in most, instances, 
with a definitive operation performed under endotracheal anesthesia, nt which 
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time ribs were trimmed and lacerations of the chest wall, lung, and diaphragm 
were repaired. Bronchoscopy was done routinely at the end of operations and, 
subsequently, cough was usually comparatively painless and effectual. 

ETIOLOGICAL CONSIDERATIONS 

The wounds producing the clinical triad previously noted varied greatly. 
They were rarely caused by small-arms fire. More commonly the injury was 
produced by a high explosive shell fragment. Usually the foreign body was 
1 cm. or more hi diameter. It was retained in some instances, and in others 
the wound was of the “through and through” variety. One, and occasionally 
two, sucking wounds were usually present and single or multiple shattered 
ribs were the rule. A fairly extensive laceration of the lung was usually 
present. Laceration of the diaphragm was common. Hemothorax was alwaj’s 
observed; hemopneumothorax was somewhat less frequent. A sizeable bron¬ 
chial fistula permitting a leak of the hemothorax blood into the bronchi was 
exceptional. Wounds of the latter type doubtless commonly occurred, but those 
sustaining them probably died before reaching a hospital. The source of the 
intrabronehial blood, with one exception, appeared to be a slow pulmonary 
hemorrhage into a small bronchus. 

The following observations support this view: 

1. Most of the patients survived six to twelve hours after being wounded, 
during which time they had not coughed effectively. 

2. Active bleeding was not found at bronchoscopy in any instance. 

3. The relief that followed aspiration usually lasted several hours. 

4. Instrumentation was never observed to increase hemorrhage. 

CLINICAL FEATURES 

Serious intrabronehial hemorrhage does not present a diagnostic problem. 
In severe instances there were audible tracheal rales, orthopnea, and cyanosis. 
In addition, disorientation, excitement, and restlessness, the results of cerebral 
anoxia, were commonly present. The physical and x-ray examination revealed 
signs of the hemothorax or hemopneumothorax which was invariably present. 
Subcutaneous emphysema was frequent. More important was the presence of 
palpable rales. The latter is a sign of great value. In penetrating chest 
woimds this may rarely be due to pulmonary edema but for practical purposes 
it was diagnostic of retained bloody secretions in the tracheobronchial tree, 
causing serious bronchial obstruction which can be most effectively relieved 
by bronchoscopy. It also offers a simple and rapid method of determining the 
affected lung, and roughly delineating the lobes involved. As previously noted, 
the most severe anoxia was seen in those in whom there had been a “spill” 
of bloody secretions into the unaffected lung. 

TREATMENT 

Bronchial hemorrhage producing anoxia of the gravity described requires 
prompt treatment, Clearing the tracheobronchial tree takes precedence over 
all other resuscitative and diagnostic measures. Aspiration of the secretions 
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should bo done regardless of the patient’s condition. Suction through an intra¬ 
tracheal catheter is valuable to accomplish this objective. Greatly to he pre¬ 
ferred, however, is bronchoseopic aspiration which permits visualisation of the 
branch bronchi of the individual lobes. Experience reported here permits this 
assertion to he made categorically. Secretions producing “palpable rfiles” 
over a bronchopulmonary segment, which could not he aspirated through an 
intratracheal catheter, have l>cen repeatedly removed through the broncho¬ 
scope. 

The patient’s condition may he precarious when he is first seen. His 
head and shoulders have usually already been elevnted, if such is the case, and 
oxygen is being administered. It is not safe to lower the head of such patients 
or even temporarily stop the administration of oxygen. These men have been 
bronchoscoped on army cots in approximately the position in which they lay. 
It is possible to visualize the main bronchi readily in this position by having an 
assistant lift the chest slightly (Fig. 1). Oxygen administration is started by the 
nasal catheter method before passage of the instrument and preparation is made 
to change tho flow to the sidcarm of the bronchoscope immediatelj- after pnssing 
the glottis. Failure to observe this precaution may result in a fatality during 
instrumentation. Aspiration usually yields 30 to 60 c.c. of blood and mucus 
secretion. The chest should he palpated again after dealing tho trachea and 
the main bronchi. “Palpable rules” frequently remnin ovor one or more lobes 
depite aspiration of largo amounts of socretion. It is thon advantageous to 
apply the aspirator tip directly to tho orifice of the offocted lobe. This excites 
cough and usually the secretions arc expelled and immediately withdrawn. 
No rales can bo felt at tho completion of a properly conducted bronchoscopy. 

Subsequent management required definitive treatment for the associated 
injuries. In the exceptional patient there was only a minor wound of tho 
chest wall and lung associated with a hemothorax. Debridement of tho former 
and aspiration of the latter may bo tho only treatment required in injuries of 
this type. More commonly, there were associated sucking wounds, lacerations of 
the lungs, tears of tli6 diaphragm, or a thoracoabdominal wound. Tension 
pnoumothorax was only occasionally observed. Tho above wounds required 
appropriate surgical treatment which will not bo discussed here. It was found 
that it was usually preferable to oi>orato soon after clearing the air passages, 
provided a satisfactory response was made and shock was not presont. 

It was necessary occasionally to do another bronchoseopic aspiration after 
anesthesia had been induced before introducing an intratracheal catheter. 
Bronchoseopic aspiration at the end of operations was done routinely. These 
patients, if enconraged and assisted, were usually nhlo to cough after operation. 
Occasionally this was not the case and in these, prompt bronchoseopic aspiration 
was repeated as often ns necessary until the bleeding stopped or effective cough 
was re-established. 

TECHNIQUE 

Bnttlo conditions require improvisation. The first endoscopies were done 
without trained assistants or anesthesia. As already noted, many patients 
were on army cots, oxygen was being administered, and the patient’s condition 
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was of such gravity that he could not be moved. It was found that these patients 
should be “lmonchoscoped where they lay.” Under these circumstances it was 
learned that satisfactory endoscopy could be done in unconventional positions 
and that anesthesia was unnecessary. It is now felt that for the following rea¬ 
sons, anesthesia is not only unnecessary, but actually undesirable : 

1. Valuable time is consumed which might otherwise be used in operating 
upon other gravely wounded patients. 

2. Efforts to apply an anesthetic may produce ineffectual cough. This ex¬ 
poses the patient to the danger of displacement of secretions into the 
remaining functioning lung with disastrous results. 

3. Active cough reflex during instrumentation preserves the “tussive 
squeeze” 16 and greatly assists in emptying the small bronchi. 

4. Even prolonged efforts to produce anesthesia are comparatively ineffec¬ 
tual because of excessive amounts of secretion in the airways. 

5. No instance of failure to pass the bronchoscope, or injury to the patient 
was experienced, despite occasional complete lack of cooperation in 
robust and disoriented patients. 



Fig. 1.—Position used for bronchoscoplc aspiration in seriously anoxic patients. Note that 
oxygen Is being administered through the bronchoscope. 

Reference has already been made to an unconventional position used in 
bronchoscoping patients on a cot. More commonly, aspiration was done on an 
improvised operating table made with a litter. Here it was advantageous merely 
to elevate the patient’s head in introducing the instrument (Fig. 2). Visual- 
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irntiou of tlic lower bronchi necessitated raising tho patient’s chest'slightly 
siuco tho head could not he lowered. Flagg’s laryngoscope, which eliminates 
one wire connection, was found preferable. 

MORTALITY 

Indications among combat casualties for active measures to remove blood 
and secretions from the tracheobronchial tree arose invariably in patients 
presenting laecrntions of the lung and sucking wounds. Tlirce of the seven 
operative deaths that occurred in the group were directly or indirectly 
attributable to intrnbroneliinl bleeding. One patient who had a massivo hemor¬ 
rhage into the bronchi during operation will bo described (Case 4). The others 
had severe and persistent hemoptysis after the operation. Cough was fairly 
effectual but postoperative pneumonia developed and death occurred on the 



Fir, •_petition ot patient after bronchoscope In in place lor aapiratlon ol lower bronchi on 

an Improvised operating table. 

seventh and eighth postoperative day. A fourth patient died suddenly twenty- 
four hours after operation, presumably from tension pneumothorax. Ho was 
operated upon during a period before closed intercostal subaqueous drainage 
was routinely established at operation; of the remaining three, one died of 
shock during the operation, a second whoso shock was never corrected before 



352 


THE .JOURNAL OF THORACIC SURGERY 


2. The experience recorded indicates that cases of this type occur frequently 
in hospitals operating near the front when proper first aid is applied and the 
casualties are promptly evacuated. 

3. It has been shown that in some patients aspiration of the tracheobronchial 
tree is practically the only definitive treatment necessary. It constitutes an 
essential part of the resuscitative treatment and anesthesia in those who are more 
severely wounded. 

4. Two techniques of bronchoseopie aspiration applicable to surgery in the 
field have been described; the advantages of instrumentation without anesthesia 
have been considered. It is emphasized that the gravity of the patient’s condi¬ 
tion does not contraindicate such treatment. Indeed, the more grave his condi¬ 
tion, the more urgent is the necessity for such aspiration. 

5. Bronchoseopie aspiration has never been observed to increase intra- 
broncliial bleeding and repeated endoscopies are tolerated without ill effect. 
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THORACOSCOPY AND PNEUMONOLYSIS IN PULMONARY 
TUBERCULOSIS 

Notts o.v Technique and Imjiediate Results 
Walter E. Kuxstler, M.D., P.R.C.S.(C)* 

Montreal, Que. 

T HE following study is based upon the experience gamed in 500 cases, with 
654 operations performed, during tho period of 1934 to 1945 by several 
thoracic surgeons nt tho Grace Dart Home Hospital, the Roynl Edward Lauren- 
tian Hospital, and three general hospitals in Montreal. It includes operations 
on Army and ex-Army personnel'carried out by the author in 1943 and 1944 
under arrangement until tho Department of Veterans Affairs. An additional 
number (100 operations in seventy-six eases) was performed since the prepara¬ 
tion of this paper and is not considered in the postoperative statistics. 

It is not intended to givo a completo analysis of the cases with a follow-up 
study of the clinical results. This task has to ho postponed until a sufficient 
period of time has olapsed to allow for an accurate account of the end results. 
Many details about instruments, technique, otc. linvo to bo omitted because of 
lack of space. It is tho writer’s intention, however, to take a dofinite stand 
regarding the major problems in technique and with reference to the important 
and difficult task of choosing the right cases and tho right, adheeions for this 
operation. 

INSTRUMENTS 

During the first five years of our series of operations we used the instru¬ 
ments designed by dacobaeus, with tho modifications of Unvorricht. In later 
years we changed over to the Coryllos thorncoscopo. When high frequency 
electrodes were advisable wo used tho unit made by the same manufacturer 
(A.CJlfJ.). In addition to these instruments, a cautery blade bent into the 
shape of a hook and a suction tube are occasionally very useful 

ADHESIONS 

Table I shows the different types of adhesions that were encountered in 
our cases. Adhesions containing blood vessels were not considered separately. 
Blood vessels prevented a completo separation in only a few earlier eases (0.8 
per cent). Tho typo of adhesion is brought into relation with the operative 
procedure and it is clearly shown how the success of pneumonolysis diminishes 
with tho more difficult typo of adhesions. It is necessary to define the terms 
used in tho table. Complete pneumonolysis means that all visible adhesions 
were severed. Partial pneumonolysis means that either somo adhesions were 
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cut completely and others left alone on account of difficulties which were en¬ 
countered, or that an extensive adhesion, usually a web adhesion in the posterior 
mediastinum or a spool adhesion at the apex, were cut partially to the extreme 
point of apparent safety. Thoracoscopy means that the visualized adhesion 
was not suitable for cutting or that no adhesions were found. 

Solitary or multiple string and hand adhesions were usually found between 
lateral, anterior, or posterior chest wall and the convexity of the lobes (upper 
lobe most frequently). We encountered spool adhesions chiefly between the 
apex of the upper lobe and the pleural cupola (first rib and subclavian vessels). 
Web adhesions and shelves were more numerous posteriorly in'the mediastinal 
gutter. Adhesions to the diaphragm were usually string- or bandlike in char¬ 
acter and ran from the outer lower border of the lung to the eostophrenic angle. 
Diffuse adhesions from the base of the lung to the diaphragm were presumed 
by their x-ray appearance and when the lung could not be lifted by means of 
a blunt ribbon retractor. 

TECHNIQUE OF PNEUMONOLYSIS 

Anesthesia .—All patients received 14 grain morphine and 1/100 grain 
scopolamine one-half hour before operation. We prefer local anesthesia. A 
general anesthetic (N 2 0) Avas used only in a very few cases and did not give 
encouraging results. 

Introduction of Instruments .—Most adhesions are situated in the posterior 
or axillary region. The lung, therefore, collapses in a rather anteroposterior 
direction and allows sufficient air space in the anterior chest. Posteroanterior 
x-rays may show only a very small zone of pneumothorax, while oblique x-rays, 
tomographic or stereoscopic views, may indicate better the most suitable place 
for the introduction of the trocar. 

We introduce the scope according to the individual case. In 488 instances 
out of 754 stages the first puncture Avas made in the anterior axillary line at 
the fifth interspace. In the remainder, the trocar AA’as inserted anywhere be¬ 
tween midclavicular and midscapular line. 

The inserted scope indicates where the cannula for the cautery should be 
introduced. In the great majority of operations, the fifth to the seventh inter¬ 
space in the posterior axillary line was chosen. 

I 11 the posterior half of the chest, the intercostal vessels and nerves are 
protected by the lower rib margin. If, therefore, the trocar be inserted in an 
oblique direction from above doAvnward, there is little likelihood of damage. 
Anterior vessels and nerves are exposed, but they can be easily pushed away 
as the spaces between the ribs are widened. 

Almost all postoperative hemorrhages into the chest cavity are due to 
bleeding from the trocar opening (intercostal vessels) and rarely from a severed 
adhesion. The wall of the trocar exorcises a temporary hemostasis while with- 
draAval of the instrument imdtes neAv bleeding. We have observed this event 
on scA r eral occasions through the thoracoscope. 
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Table L Type or Adhesion in Relation to Operative Procedure in 670 Operations 
(Twenty-One Bilateral) 
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-Evaluation of Adhesions .—After aspiration of the fluid, if such be present, 
inspection of the adhesions is necessary. Their position should be carefully 
checked with the last available x-ray. An adhesion still visible in the x-ray 
may have ruptured before the operation (5 enscs). Very often, adhesions to 
healthy lobes are rather useful ns they allow a selective collapse of the diseased 
parts after division of the adhesions to the nlTectcd lobes. Selective collapse is 
especially important in those cases where any collapse therapy on the contra¬ 
lateral side is contemplated or already performed. The presence of a peripheral 
cavity in the x-rnv demands special precautions. The possibility of a tension 
cavity should be kept in mind, since separation of the adhesion may be followed 
by rupture of the cavity into the pleural space. 

Separation of Adhesions .—Adhesions which may contain lung tissue are 
usually divided by decollement of the parietal pleura. Occasionally this pro¬ 
cedure may be assisted by the hydranlic pressure of injected fluid (novocaine 
or saline) info the plane of cleavage. For thick adhesions which eannot be 
transilluminnted, or mediastinal adhesions, the hook cautery is very useful. 
It picks up small layers and cuts them separately. In small string adhesions, 
distant from the optic and dangerously near to the great vessels, “hooking” 
serves the same purpose. 

Special attention should be given to blood vessels within the adhesion. 
Within the last 10 years, the galvanocnutery became a stepchild while the high 
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frequency cautery (Matson) gained more and more popularity. A word in 
favor of the galvanocautery may he said. 

A cautery blade, red hot and used at its edge, will deposit a great amount 
of heat at one very small spot. The tissue, especially in a string or hand 
adhesion, will he charred in the immediate neighborhood, hut the dried parts 
will prevent the further conduction of heat to remote parts of the adhesion. 




A 




B 

Fig. 1.—Partial pneumonolysis. A, pneumothorax should be continued and a further stage 
attempted. B, pneumothorax should be abandoned immediately. 


If there is a blood vessel within the adhesion, it will he severed, but the very 
narrow zone of charred tissue will rather prevent a contraction of the vessel 
wall and the small clot is not firm enough to stop the blood flow. Bleeding 
can be expected even hours after the operation. This method, therefore, is 
not recommended. 

The application of the cautery with its flat side to the adhesion and dull 
red (risible only in the dark) will heat up the adhesion slowly and uniformly. 
It will cause coagulation of a larger field, even if the adhesion contains a 
blood vessel of considerable size. The edge of the cautery will readily cut 
through the coagulated zone while the blood vessels are well secured by coagula¬ 
tion and subsequent shrinking of the surrounding tissue. The liigh frequency 
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cautery lias its place at special occasions but it is by uo means the key to a 
successful separation of blood vessels. 

In manj- instances, adhesions can be sovored only partially, duo to their 
shortness or tho lack of a five edge to work on, or they aro so diffuse tliat the 
operation extends over sovernl hours and the patient bocomes uncomfortnble. 
The question arises whether to abandon any further attempt or to tiy separat¬ 
ing agnin at a later stage. No fast rules can be given. If the rcmahiing adhe¬ 
sion is near a peripheral cavity, it is far better to abandon the pneumothorax 
immediately (Fig. 1 ,A and H). If there is no cavity in the neighborhood of 
the adhesion and tho visceral pleura appears healthy, tho pneumothorax could 
be continued and a further stnge of pneumonolysis attempted. 

Closure of Trocar Opening. —Intrapleural pressures should be adjusted 
beforo or immediately after closure of the trocar openings and should lie on 
tho negative side. The closure of the wound itself is usually carried out by 
one or two sutures or clips. This typo of closure, however, is far from ideal 
us it docs not include the paiictal pleura. No air will escapo or enter between 
the outsido and the thoracic cavity, but air may enter into tho fascial planes 
from the inside and cause a subcutaneous emphysema. Its extent depends on 
tho intrapleural pressures and tho sire and number of trocar openings. None 
of the methods of closure described in tho literature liavo been successful in 
tho prevention of subcutaneous emphysema in our experience. Recently, we 
tried the high frequency current for coagulation of tho wall of tho trocar open¬ 
ing as described by Yineberg and ICunstler for the intracavitary suction drain¬ 
age. 'Wo believe that this method may reduce tho incidence of emphysema 
and hemorrhage after withdrawal of the instruments. 

Postoperative Care .—Special attention is paid to tho fovor chart. Failure 
of fever to subsido after a week or a rise of temperature forty-eight hours after 
the operation is considered with suspicion. Routinoly inspiratory and expira¬ 
tory x-rays are made the next day in spite of the sometimes difficult interpre¬ 
tation duo to subcutaneous emphysema. Refills arc accomplished depending 
upon tho information thus obtained. 

AOE AND SEX 

In 576 cases wo had 282 male and 294 female patients. Our oldest patient 
was 64 years, the youngest a child of 3 years. Most of the malo patients were 
between 21 and 25 years old, most of our female pationts between 15 and 30 
years old (Fig. 2). Rolation of sex and side of operation is shown in Tablo II. 


Table IL Relation or Sex to Side or OrntATiON (576 Cases) 
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STAGE OF DISEASE 

Of 576 eases, twenty-one had bilateral pneumothorax and bilateral pneu¬ 
monolysis. Of the remaining 555, a fair number of cases with bilateral disease 
had pneumothorax on the other side without thoracoscopy or pneumonolysis. 
Others with bilateral disease had interruption of the phrenic nerve, trans¬ 
thoracic suction drainage, or # thoracoplasty on the opposite side. Table III 
shows the stage of disease in detail. 



Fig. 2.—Distribution of paUenta according to sex and age. 

Fig. 3 reveals that in the course of the years unilateral pneumonolysis 
was attempted in increasing number for moderately and far-advanced cases. 

IMMEDIATE RESULTS 

It is not easy to determine the result of a pneumonolysis, because com¬ 
plications may develop independently. The clinical result depends also on the 
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Table HL Stage and Distribution or Disease in 570 Patients With Thoracoscopy and 

Pneumonolysis 
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(1.1%) (80.0%) (20.0%) 

Total 479 177 252 50 354 125 54 S 17 9 12 3 

_ (100%) (37.1%) (52.5%) (10.4%) (73,8%) (26.2%) _ 

*0ne patient died after pneumonectomy performed four months after the second stage of partial pneumonolysis. 
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monolysis on the pneumothorax. A period of six months after operation seems 
to be sufficient to see the effect of the pneumothorax (closure of cavity, con¬ 
version of sputum, etc.). We may therefore stipulate the results in the follow¬ 
ing manner: thoracoscopy or pneumonolysis is satisfactory if a pneumothorax 
can he safely continued for a duration of six months; if a pneumothorax has 
to be abandoned within six months, the verdict should be unsatisfactory. 

There were 500 patients with 521 sides in our series, observed for more 
than six months. 392 cases were satisfactory and 120 unsatisfactory' the'ratio 
being 75.2 per cent and 24.8 per cent. Fig. 4 shows these figures in relation 
to the type of operation. 



If we list the twenty-one cases with bilateral pneumonolysis separately, 
we arrive at the following figures: there were 90.5 per cent satisfactory and 
9.5 per cent unsatisfactory results; the high percentage of success in these 
cases may be attributed to surgical daring in the face of far-advanced bilateral 
disease. 

Of 479 cases of unilateral thoracoscopy or pneumonolysis, 385 had a one- 
stage operation, while the balance needed two or more stages. As Table IV 
illustrates, the satisfactory results diminish very little with the number of 
stages. 

Of the twenty-one cases of bilateral operations, thirty-two sides had a one- 
stage operation and ten required two stages. There were no deaths nor major 
complications within six months in this group (Table V). 
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COMPLICATIONS 

Complications may be due directly to the operation or may arise inde¬ 
pendently. It is very difficult to set a fast line. A spontaneous pneumothorax 
may develop two weeks after operation but the fistula may he in a place differ¬ 
ent from that of the severed adhesion (Fig. 5). We may classify all complica¬ 
tions arising within four weeks after operation ns postoperative, while for any 
complication after that interval the operation should not be blamed. 

.Tho main complications arc tho following: (1) considerable subcutaneous 
emphysema; (2) accumulation of fluid in the chest cavity; (3) hemorrhage; 
(4) spontaneous pneumothorax with or without persistent bronchopleural 
fistula; (5) empyema; and (6) adhesive plcuritis. 

Subcutaneous Emphysema (Sec Table VII.—No treatment was given in 
the first and second degree. In the third degree, it was necessary to treat the 


Table VI. Incidence or Subcutaneous Emphysema after Thoracoscopy and 
PNEUM0N0LYSI8 


DEGREE 

CASES 

PER CENT 

Slight 

103 

25.0 

Moricrnto 

34 

S.5 

Severe 

7 

1.8 

None 

2oG 

<M.l 


underlying cause, which was usually increased intrnthorncic pressure or tension 
pneumothorax (removal of air, administration of oxygen). Fig. 6 shows a case 
where tho emphysema affected tho whole chest wall, neck, and face. The eyelids 
could not he opened until the fifth day after operation. 

Fluid Accumulation. —In 500 patients (521 sides), wo encountered fluid in 
291 instances. Tables VII and VIII show in detail the development and/or 
modification of fluid in relation to tho postoperative period and tho type of 
operation. In the multistage operations, only the fluid before the first stage 
and the condition after tho last stage havo been considered. There were 240 
patients without fluid in the pleural space before operation, while four weeks 
to six months after the operation the number of patients without fluid increased 
to 374, or 73 per cent of all patients. Most of the patients with fluid for six 
months or longer after the operation had only partial pneumonolysis, or thora¬ 
coscopy showed adhesions unsuitable for cutting. Multiple stages more fre¬ 
quently caused fluid than single stages. If a multiple stage operation resulted 
in a complete pneumonolysis, the incidence of fluid almost reduced to that of 
single-stage operations. 

Pleural effusions, especially larger ones and thoso following a hemorrhage, 
are usually accompanied by elevation of temperature. We noticed that there 
is a frequent relationship between the nature of the fluid and the height and 
duration of fever. Unless the fluid is homorrhagic and due to operation, all 
other patients with high and long-standing fever will eventually develop em- 







Table VII. Development and/or Modification or Fluid after Thoracoscopy and Pneumonolysis: Single Stage Operation, 41" Oases 


364 


THE JOURNAL OF THORACIC SURGERY 



♦Three patients died within four weeks after operation, (0.7 per cent.) 
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pyema. If the onset of temperature is sudden, we have to suspect a traumatic 
lesion of the lung parenchyma (minute bronchopleural fistula), even if the fluid 
is clear for weeks and without demonstrable microorganisms. If such a pneu¬ 
mothorax is not abandoned at once, the change of the fluid into pus is the rule. 
Fluid with low-grade fever usually disappears if the underlying cause (adhe¬ 
sions, blood) is removed. Pleural effusion deriving from infection of the pleura 
does not show a sudden rise in temperature but causes a rather slow and, steady 
elevation. 



FIk. 3 .—Rupture of cavity with spontaneous pneumothorax and fatal hemorrhage: cavity 

dlscant to severed adhesion. 

Hemorrhage .—The incidence of hemorrhage in 754 operations was small 
and remained under the average reported by other authors. Table IX shows 
the number of hemorrhages. 

There were no fatalities due to hemorrhage, and the loss of blood amounted 
to more than 100 c.c. hi only eleven patients. In one patient the postoperative 
hemorrhage from a severed adhesion was so severe that the pleural cavity had 
to be packed. In another patient, a terminal hemorrhage occurred due to 
rupture of a cavity into the pleural space with no connection with a partial 
pneumonolysis two weeks before. 
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Prevention nnd treatment of hemorrhage during operation have already 
been discussed. Ti'catment o£ postoperative hemorrhago consisted in frequent 
and complete aspirations and partial replacement of fluid by air. Instillation 
of penicillin was carried out. 

The incidence of hemorrhage falls ns the experience of the operator in¬ 
creases. 

Spontaneous Pneumothorax and Bronchopleural Fistula .—Ont of fifteen 
cases of spontaneous pneumothorax, six were due to ruptured adhesions which 
contained lung tissue (in two instances the rupture occurred liefore operation). 



Fir. 6.—Severe decree of subcutaneous emphysema after partial pneumonolysia. 

Pneumouolysis was directly to be blamed in one case, leaving the residual adhe¬ 
sion under strain and with little support. Increasing of intrapleural pressure 
in older to “stretch” tho adhesion aided greatly in the development of this 
complication. 

Euplure of a tuberculous cavity was to be blamed in six instances. Tltree 
of them occurred in tho four-week period after operation, two five weeks after, 
nnd one ten days before thoracoscopy. One patient had a complete pneumono¬ 
lysis and in another at autopsy showed rupture of a cavity away from the 
partially severed adhesions. In l>oth cases we probably dealt with tension 
cavities. 


Table IX. Incidence or Huiobkiiaoe in Tnoa-troscorv and Pkeojionolysir 


HEMORRHAGE 1 

CASES | SLIGHT | 

MODERATE | 

SEVERE 

Daring operation 





Trocar puncture 

3 




Severed adhesions 

10 

G 

4 

0 

Total 

18 

D 

4 

0 

Postoperative 

12 

5 

4 

3* 

Total 

25 

14 

8 

3 

Per cent to all operation* (754) 3.3 

LS 

1.1 

0.4 

•One patient with a 

■cvere postoperative 

hemorrhage 

from n revered 

adhesion. 





Table X. Spontaneous Pneumothorax With or Without Bronchopleural Fistula (15 Cases) 


368 


THE JOURNAL, OF THORACIC SURGERY 


w 

E 

a c ^ 
w r z 

s a 2 

> <• 


X * 

p g 
2 fe 


a < 

< j 

g § 
k cc 

h-> ir< 
Pi &■ 


O 

s s 

B 2 


2 2 
5 O 


O cc 
cc fi, 

* £ 
X i— 

h c 

s* 

W o 


Ph 

O 


© 

t£ 

d 


© 

u 

O 

2 

© 


. -u 
rC> CD ! 


© ,d O *- 

®a«'S 2 


P tr 


© o 
d a 


c 

S3 


O, r- 


© © © 

SC d 


© 

0-2 


o o 
d d 


© o 
d 


3 

is * 


V ° 

.d j© 


o o 
fl c 


c 

d 




o-S = •- 


o o 

d w 


d d 

CD CD 
4J •*- 

d e 
o o 

s e 

It© Cl 


Of PkP 


d 2 

V s 


CO 


d d 
V «*-* 




cs 



o 
d , 


© a 

rS O 

rr © 

s* d 

*- s 

fc£ o 
d o 

£.s 

O -*-' 

© .2 


'-to 


rf tx c2 

Sr ft 

*r w o 

Is 15 ? 

o d, 

— & 

03 


O © © 

d d s 


o 

d 


© 

d 


S3 

.b ~ 

> 
d 
© 


* 

si 


c 

d 


o _ c o 

tj <B c 

© 

d 

o 

d 

CD tt 

03 

CD 

V-. 

PP^* ° ^ 
R d > -5 

d 

d 

o 

m d ^ '©i 

Cl 



L© wo CO 

d> 

c© 


■ C-, p_, fLfL o o CL 


O 

S3 

CD 

>> 

d 


Pk 


§ 


c© 

C5 


£ £ 

v d 

^■2. 
.2 ^ 


03 O 

© d 


© CO 

S 3 d d 


S3 « 2 


© 


V 

o 


o 

n 


§ © 
d 


S 


© 

d 


© 


£ 


O O o 

d dp 


d 

© 


o 

-M 53 
*?§ 


> 5 -e s S 

d«w >*M y 
© © d © 


© 

03 

o 

© 

03 

© 

CD CD 

CJ © 

CD 

© 



d 


>>>% 


© 

ID 

o 

d 

© 

d 

O 

2 

§s 

© 

d 

d 

© 

03 

© 

o 

CD 

>-. 

d 

o 

22 

8 8 

03 

r* 

© 

© 

d 

£ 

rS 

d 

? £ 

r' 

co 

Cl 

o 

Cl 

l.oto 

Cl 



r-f 




t 

1 < 






CL, 

s 


ss 

Ck 

Pu 




P^O 

p-t 

d 

d 

d 

d 

'O a 

d 





d **-4 

VI 

— 


"c 

"d 

drd 



d3 



d ^ 

■°- 

o 

t- 


oo 

C5 Cl 

t- 

co 

Cl 

24 

s 

to 

co 



d 

o 

id 


(h d 

ftc 


iili 
0<~ 
fee 


® c 
®~ 
>>*• 
Og 
5 c 


& c 

«s 

©d 

11 


"1 

ST 

o „ 

BO 

..© 
r-T u 
© •* 
o © 
E J; 

ec 

Si 1 


» c 
s 2 

v.*, 

-g 

■g& 

y o 
c 

d © 
c c 

cC 

Ed» 

© 


II £ 

d S 

Sc- 


sS 

a c 


c o 

d d 


S8 

cc 

*' o 

•sg 

j- r 
So 
d£ 

^ II 

II 

S H 

pa.. 

c 



KUNSTLER : THORACOSCOPY AND PNKOMOXOI.YSM IN PULMONARY TUBERCULOSIS 369 

Direct injury to tho lung during operation wits the (muse in the remaining 
three patients. Tho spontaneous pneumothorax occurred six hours, ten hours, 
and five days after operation. 

Summing up, spontaneous pneumothorax occurred in seven instances as 
a postoperative complication in 521 operations. In four patients pneumothorax 
could bo continued, eight were followed by empyema (four mixed infections), 
one pneumothorax was discontinued bccauso of effusion, and two patients died 
within six months after operation. Table X gives n short review of these cases. 

Treatment of spontaneous pneumothorax relieved the intrapleural pressure 
by nspirafion of air or continuous underwater drainago. In later years we 
linvc used instillations of penicillin. 



FHr. 7, — Spontaneous pneumothorax alx day* old, treated by closure of a persistent broncho¬ 
pleural fistula. 

In one of onr patients we were able to close the bronchopleural fistula by 
endoscopic procedures. The cose history is as follows: 

The patient, a 30-year-old female with bilntoral, far-advanced disease, was admitted 
to the hospital six days after tho onset of a tension pneumothorax with n temperature of 
304* F. Adhesions were found in the x-raj. They wore considered very dangerous as re¬ 
moval of air at several occasions did not change the positive pressure. A thoracoscopy four 
days after admission visualised a shelf adhesion which was not eomplotoly cuttable. (Fig. 7.) 
A wnmTl bronchopleural fistula wiuj found near to the insertion of the adhesion. It was pos¬ 
sible to fashion a pedicle flap from the adhesion and to plug it into the small hole. Partinl 
coagulation of the graft baked the latter to tho visceral pleura with tho effect of hermetic 
closure of the fistula. Tension pneumothorax subsided and tho pressure renminod nogatlve. 
Contamination of the pleural cavity with Staphlooooeu* aurevt and acid-fast organisms had 
already taken place. Onset of an empyema could not be prevented. Frequent aspiration, 
irrigation, and instillation of penicillin helped to dry np the empyema completely. One year 
afterward, the lung was completely re expanded. No thoracoplasty was contemplated on 
account of the bilateral disease and a low vital capacity. Only a temporary' interruption of 
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tlio phrenic nerve was carried out, in order to promote the re-expansion of the lung. This 
patient, although hawing Graff ky 6 (Gaffky 9 at admission), is still alive (4 years since 
incident) and put on 30 lb. of weight. Later we saw an x-ray taken two months before the 
onset of the spontaneous pneumothorax. It revealed two interlocking giant cavities corre¬ 
sponding to the place where the fistula was found. X-rays and tomograms after reexpansion 
did not show these cavities. 

Empyema .—In order to be practical, any collection of pus in the pleural 
cavity should be considered an empyema, whether or not organisms can be 
found. With a few exceptions, the nature of the empyema can he ascertained 
from the nature of the pulmonary lesion. 

In our series of 500 eases (521 sides, 654 operations) there were seventeen 
instances (3.3 per cent) where an empyema developed within six months after 
operation without pre-existing purulent fluid. There was no case of empyema 
in the 21 cases with bilateral operations. Table XI shows the relationship 
between onset of empyema and type of operation. 


Table XI. Type of Operation and Onset of Empyema 



1 ONSET WITHIN 4 WEEKS | 

4 WEEKS TO 3 

3 TO 6 






1 MONTHS 

MONTHS 



8F0N- 



SPON- ] 


SPON- ! 




TAKE- 



TANE- 


TANE- 




OHS 

IN- 


ODS 


OHS 




PNEU- 

JURY | 


PNEU- 

1 

PNEU- 


j 



TO | 


MO- 

1 

MO- 



TYPE OF OPERATION 




THORAX 

SPREAD ; 

THORAX ! 


TOTAL 

Complete pneumonolysis 

1 

0 

0 

0 

0 

1 

T 

4 

Partial pneumonolvsis 

1 

1 

1 

3 

2 

0 

3 

11 

Thoracoscopy 

0 


1 

0 

0 

0 

1 

2 

Total 

2 

1 

2 

3 

2 

. 1 

6 

17 


In one of these patients (No. 69) the empyema could be traced directly to 
a lung injury. In the two patients with spontaneous pneumothorax within 
the first four weeks, it was due to the rupture of a cavity. In one patient 
(spread of disease within four weeks) pneumothorax should never have been 
attempted (tuberculous bronchopneumonia with repeated severe hemoptyses). 

There were four additional cases of empyema where the onset could he 
traced back to pre-existing lesions of the pleural cavity and where the operation 
did not cause it. 

Acid-fast bacilli were found in sixteen cases. Five cases were mixed in¬ 
fections (four of them due to persistent bronchopleural fistula). 

Three patients died within six months but none during the first four weeks. 
Table XII gives a review of all twenty-one empyema cases encountered in our 
series. 

The accepted treatment of tuberculous empyema is a complete thoraco¬ 
plasty and, in rare instances, a decortication of the lung. Thoracoplasty was 
performed in all those cases where the other side was free from disease or at 
least under control (ten cases). In mixed infections, penicillin was used since 
1943 with gratifying results: 50,000 units were instilled every other day after 
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complete rcmovnl of the pus by speeinl posturing (Knnstler). Thoracotomy 
imd open or closed drainage had to be dono in two instances. 

Adhesive Plcuritis.- —Adhesive plenritis may bring tho most promising 
artificial pneumothorax to a sudden end. Maxwell, in a detailed study of 
rcadliesions, divides the postoperative obliteration of the ploural spnee into three 
groups: (1} acute obliteration within forty-eight hours, often total; (2) sec¬ 
ondary obliteration which tubes place within u week or two. It is more localized 
with predilection of the posterior mediastinum and the scapular zone. Faulty 
ojicrntive posture nnd inadequate control of pressures arc claimed to he imjror- 
tant causal factois; (3) late obliteration. It is due to pleural effusion nnd 
re-expansion of the lung with disappearance of the fluid. 



Klff. 8.—Time Interval between Inutttutlon of pneumothorax und jmeuinolysw (.'57 esse*). 

Maxwell found the incidence of readhesions in the literature 1.3 per cent 
while Moore calculated in lwso of his review only 0.29 per cent. In our cases 
we had seventeen cases of readhesions within the first month (0.9 per cent) 
and tho pneumothorax had to be abandoned. In one case we tried to cut the 
adhesions four times, but according to the operation record tho adhesions grew 
faster than the surgeon could cut them. In some of the seventeen cases we 
can attribute tho failure to our negligence or the patient’s, in that tho refills 
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moiys Dot given nt the rigiit interval or in right amounte. Wrong posturing 
may favour rondhesions, but, ns after thoracoplasties, we paid more attention 
to the controlateral “good” side and ordered posturing accordingly. In the 
majority of our cases, however, the ro-expnnsion was due to the pathological 
process and could not lie avoided. Most of these patients had subsequent 
thorncoplnstv. 


MORTALITY 

Of the 500 consecutive patients considered in the postoperative phase, three 
died within four weeks after operation and five died within six months. They 
all had partial pneumonolysis performed and are considered in detail in 
Table XTII. ‘ 


Table XIn. Fatal Oases AVituin Six Montiis Arrcn Thoracoscopy and PNEntoNOLYRiR 


CA8B 

EXTENT OF PIREARF. 

OPERA¬ 

TION 

j TIHE OF DEATH 

JlMMEDIATE AND REMOTE CAHHF 
| OF DEATH 

10 

bil fa bronchopneu¬ 
monia, cavities* 

PP1 

2 stages 

2 months after 
operation 

2nd stage 

General downhill course, Gaffkv 
Vni; spread to pleura; em 
pyenm 

25 

bil fu cavity r. base, 
phrenic paralysis 

PP1 

2 stages 

4 months after 
operation 

2nd stage 

Pneumonectomy in 1941, died 
postoporntively. 

09 

mil fn cavity fluid 

PP1 

.1 months after 
operation 

Injury to lung during opera¬ 
tion, empyema, refused thora¬ 
coplasty 

1.18 • 

bil fa cavities; 9 rib 
thoracoplasty on op¬ 
posite side; Positive 
sputum, hemoptysis 
from pneumothorax 
side 

bil fa, intestinal tb; 
cavities 

PP1 

2 weeks after 
operation 

Pneumonitis, atelectasis, an¬ 
oxemia; brcrochoscoplo aspira¬ 
tions without effect. 

217 

PP1 

.1 months after 
operation 

Spread to pleura, empyema; 
general downhill course. 

247 

bil fa cavitioa 

PPI 

18 days after 
operation 

Ruptoro of residual adhesions, 
spontaneous pneumothorax, 
bronchopleural fistula. 

General downhill course, Gaffky 

Yin. 

.110 

Ml fn fluid, cavities 

PP1 

2 stages 

2 months after 
operation 

447 

bil fa cavities 

PPI 

2 weeks after 
operation 

Rapture of tension cavity, ter¬ 
minal hemorrhage from cavity 
into pleural space. Spontane¬ 
ous pneumothorax and bron¬ 
chopleural fistula (Fig. 6). 


•See footnote on abbreviations on Tables X nntl XII. 


Only four cases can be directly attributed 1o the operation, which gives a 
six-month case mortality of 0.8 per cent and a stage mortality of 0.6 per cent. 

One of these four patients with far-advanced bilateral disease had a nine-rib thoraco¬ 
plasty for cavitary lesion on one side. The operation resulted in a complete closure of the 
cavity which was confirmed by tomogram. A pneumothorax was instituted on the othor side 
In order to control the positive sputum and severe hemoptywa. Adhesions did not allow a 
selective collapeo and partial pneumonolysis was performed. The patient died from anox¬ 
emia due to pneumonitis and partial atelectasis unrelieved by repented bronchoscopic aspira¬ 
tions, two weeks after operation. 

The second patient died from empyema three months after operation. The empyema 
was dne to direct injury to the lung during partial pneumonolysis. 
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Tlie third patient died after eighteen days of anoxemia due to uncontrollable spon¬ 
taneous pneumothorax caused by rupture of residual adhesion. ■ 

The last one had a terminal hemorrhage from a blow out of a cavity two weeks after 
partial pneumonolysis (Fig. 5). 

In the other four patients the pneumonolysis had no connection with the 
death. Three of them died from further spread of disease and one after pneu¬ 
monectomy (1941) four months after an unsuccessful pneumonolysis. 

Table XIV gives the percentage of ease and stage mortality. 


Table XIY. Case and Stacie Mortality Within Sin Months 


1 

STAGE MORTALITY (%) 

] CASE MORTALITY (%) 

All cases 

1.2 

1.6 

Deaths clue to operation 

0.6 

0.8 


COMMENT 

G. R. Howell considered a consecutive number of pneumothorax cases of 
the Royal Edward Laurentian Hospital and came to the conclusion that out of 
every 100 attempted pneumothoraccs only sixteen showed a perfect result with¬ 
out evident adhesion. In 19 per cent no free pleural space was found and in 
13 per cent the lung was adherent to the chest wall over such a broad area 
that the pneumothorax was immediately abandoned. In 52 per cent of the 
cases adhesions were found, but the pneumothorax was continued for various 
lengths of time. It is this group of patients that came to thoracoscopy and 
pneumonolysis. 

While in earlier years not all of Howell’s 52 per cent group came up for 
thoracoscopy, we later followed the policy of attempting pneumonolysis in every 
case in this group. We cannot exclude the presence or absence of adhesions 
by x-ray alone. We therefore operated on patients in the absence of radio- 
• logically demonstrable adhesions when (1) fluid covered the costophrenic angle 
(56 per cent of all cases had fluid from minimal to large amounts previous to 
operation), (2) cavities did not collapse, and sputum remained positive in 
unilateral cases, (3) repealed hemoptyses with the other side free from disease 
or under control, (4) spontaneous pneumothorax with uncontrollable broncho¬ 
pleural fistula. 

If a cavity remains open in the absence of adhesions or after complete 
pneumonolysis, it should be suspected of being a tension cavity. In such cases 
we abandoned the pneumothorax immediately by withdrawing air or by oxygen 
lavage. 0 

Pneumothoraces which develop fluid and high fever should also be imme¬ 
diately abandoned, if the temperature does not subside within a week after 
operation. They are potential candidates for an empyema. 

75.2 per cent of our patients had a satisfactory result. Complete and 
partial pneumonolysis was performed on them at approximately the same rate 
(36.7 per cent and 34 per cent). Of the 24.8 per cent unsatisfactory cases, 


•See Illustrations In Surp., Gynec. &. ObsL 78 : 254. 1044. 
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however, partial pneumonolysis forms the major part, with 17.3 por cent. The 
problem starts with those patients on whom a complete pncumonolvais cannot 
he done in one stage. In eases with mild, moderately, or far-advanced unilateral 
disease, we prefer to abandon the pneumothorax (and do thoracoplasty, lobcc- 
tomy, pneumonectomy), if a complete pnenmonolysis or a safe partial pneu- 
nmnolysis cannot lie done in one singe. 

There remains the group of eases with far-advanced bilnteml disease. In 
spite of greater risks, pnenmonolysis may la' the only chance to achieve a satis¬ 
factory collapse.. The number of patients with far-advanced bilateral conditions 
coming up for pnenmonolysis increased rapidly in the ten-year period, while 
tlie mild and moderately advanced eases showed an inecen.se to a much lesser 
extent. 

Table XV illustrates the higher incidence of complications in the far- 
advaneed and bilateral groups. 


Tauls XV. Major Complications is IIelatios to St .hit anii Dikkakf: 












Spontaneous pneumothorax 


71.5 

55.7 

(U.n 

Enipjenm 

33.3 

0G.7 

lfU 

80.1) 


•Within *lx months after operation. 


' It is somewhat difficult to appreciate the risk connected with the multistage 
operations. Tables IV and V show that the satisfactory results in the multi¬ 
stage operations nre almost ecpinl in proportion to those with a singlo stage 
operation. The surgical interference is apparently of minor importance and 
the great risk is rather represented by the waiting period from one stago to 
the other. Quite a number of residual adhesions ruptured in the interval. 

We may therefore say that multistage operations should he considered 
only, if l-esidual ndliesions ai-c considered safe, if the patient remains under 
close supervision during the interval, and if intrapleural pressures are woll 
adjusted mid “stretching” strictly avoided. 

We may here also discuss the question of t he time interval between in¬ 
stitution of artificial pneumothorax and the operation- Tliis was the subject 
of tiic presidential address given by- J. E. II. Roberts at the meeting of the 
British Tuberculosis Association in 11144. He pointed out that thoracoscopy 
should he performed as soon os ndliesions are diagnosed, or, in other words, 
no definite time period should be stated. 

We agree with Jilv. Roberts. Wo try- to operate as soon ns direct or indirect 
diagnosis of ndliesions is made. Pig. 8 illustrates thnl most of our adhesions 
wore divided within the second month after institution of pnoumothomx. The 
shortest time between initial pneumothorax and thoracoscopy was ten days, the 
longest, five years. 

There is a widespread opinion that within the first weeks the nvniinhle 
airspace is too small for the introduction of the instruments. It is true that 
even oblique x-rays may show only a small marginal zono of air although the 
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patient is taking 300 to 500 e.c. twee weekly without considerable change of 
the intrapleural pressures. In these cases the lung is. always collapsed in an 
anterior-posterior direction due to lateral or posterior adhesions with a large 
air space in front of the lung. Expiratory stereoscopic x-rays are very useful. 
Very often a shift of the anterior mediastinum is evident and significant. At 
rare occasion the airspace may he situated posteriorly with consequent shift 
of the posterior mediastinum. 

CONCLUSIONS 

From discussing the results in our series of 500 cases with. 654 operations, 
the following conclusions may be drawn: 

1. Every patient with pneumothorax should be closely guarded against 
possible complications and submitted to thoracoscopy as soon as direct or in¬ 
direct signs of adhesions are detected. Indirect signs are (a) presence of fluid 
in costophrenic angle, (b) insufficient collapse of diseased lung tissue, cavities, 
and persistence of positive sputum (unilateral cases or controlateral side under 
control) in spite of regular and apparently sufficient refills, (c) partial shift 
of the mediastinum. Direct signs of adhesions may be recognized only on a 
later date, but expiratory x-rays, oblique stereo x-rays, tomograms, and out¬ 
lining of eosopliagus by radioopaque substances make it possible to establish 
such a diagnosis before direct signs such as indicated are available. 

2. Thoracoscopy is a harmless procedure; the only potential complications 
which need be considered are subcutaneous emphysema and hemorrhage from 
the trocar puncture. Both may be reduced by technical modifications such as 
those outlined. General anaesthesia is of definite disadvantage and local infil¬ 
tration with novocaine is the choice. 

3. Adhesions should he divided if (a) they are responsible for an insuffi¬ 
cient collapse of the diseased part of the lung, (b) they are suitable for separa¬ 
tion without anticipation of complications as injury to lung tissue, rupture of 
residual adhesions and perforation of cavities or hemorrhage. 

4. Adhesions of major caliber or multiple small adhesions should not he 
divided if they make possible a selective collapse, especially in bilateral cases. 

5. Multistage operations should be attempted only if (a) no other procedure 
is feasible, (b) intrapleural pressures are well controlled and (c) prevailing 
circumstances permit a further stage at any time considered optimal for the 
individual case. 

6. The determination of vital capacity or of the oxygen consumption of 
each lung separately (bronchospirometry) should be done in the presence of 
bilateral disease. Bronchoscopy should be performed in all cases before in¬ 
stitution of pneumothorax, if this is possible. 

7. Pneumothorax should be abandoned immediately if (a) important adhe¬ 
sions are not suitable for cutting and other procedures (thoracoplasty, lobec¬ 
tomy, pneumonectomy) possible, (b) fluid and high fever develop and persist 
for more than a few days, (c) conditions which predispose to the development 
of empyema are present, especially injury to the lung by the cautery, rapture 
of residual adhesions, or of a cavity and extensive active disease of the lung, 
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(d) oxygon consumption is below the minimum compatible with light exercise, 
(f) tension cavities arc present. 

8. The only exceptions to paragraph (7) are those bilateral far-advanced 
eases with scvorc repeated hemoptyscs originating most likely from the pneu¬ 
mothorax side. 

9. The instruments best serving tlio purpose arc in our opinion those de¬ 
signed by Coryllos. The diathermic cautery may bo superior to the live cautery 
in some aspects but is bv no means the key to a successful operation. 

10. ITow often does pneumonolysis convert a pneumothorax which is quest¬ 
ionable or dangerous due to adhesions, into a safe satisfactory collapse of {lie 
lung? In our series with 500 eases and 054 stages conversion occurred in 75 
per cent. This result raises the number of safe pnoumothoraces from sixteen 
to fifty-five out. of every 100 eases attempted, i.o., an increase of more than three 
times. 

11. The principal errors committed in our .series were (a) unplanned timing 
of fiist and subsequent daeobaeus operations, (hi failure to abandon pneumo¬ 
thorax in certain cases as outlined above, (e) attempted pncumonolysis in cases 
with low vital capacity, active disease of the pleura, tuberculous bronchopneu¬ 
monia, tension cavities, (d) inadequate control of pneumothorax after operation, 
(o) injury to lung during operation, (f) extraneous factors not dependent on 
medical and surgical competency. 

(12) Favourable results from pneumonolysis are, ceteris paribus, depend¬ 
ent. on the experience and the skill of the operating surgeon. Teaching of the 
technique Is rather difficult, due to the endoscopic nntitrc of the procedure. A 
binocular telescope may be helpful for demonstration of the technique to the 
pupil. 

We have prepared a motion picture (1C mm. color), tnken first on cadaveis, 
later on the living pationf, and liolicve that this is a partial answer to the 
problem of teaching.* 

SUMMARY 

Tlio technical results of thoracoscopy and pncumonolysis in 500 cases with 
654 stages are discussed, the advantages and risks of the operation described 
in detail, and suggestions made in order to prevent the relatively frequent 
complications. No nttompt has been made in this paper to follow up theso 
eases for more than six months, and no conclusions were drawn as to the 
ultimate clinical results. 


references 


Alexander, John: Tlio Collapse Therapy of Pulmonnrv Tnliomilosis, Springfield, III., 1037, 
Charles CL Thomas. 

Coryllos, Pol. N.: J. Thoraoo Soho. 7: 48, 193/. , 

Coryllos, Pol. N., niul Ornetein, G. G.: Management of Bilateral Cnrornous Pulmonary 
Tnborcuiosie, J. Tnonsco fftnta. 6: 337, 1930. , : . . 

HotvelL R. G • Immedtnto Results of 200 Consecntivo Cases of Attempted Artificial Pneumo- 
thorax, Ann. Meet. Cdn. Med. As/b, Qne. Dlv., Montreal, Jnnnary, 1945. 

HowelL R. G.: Peraonnl Communication. . 

Jacobaens, H O.' Pie Vemendnng dor ThoTaxossonie nnd Laporoskopie fur die Diagnose 
tnberknldser Brltraniungen, HandbncJi der Tnberkuloso 1: 731, 1914/ 


•Limited spice does not allow us to go Into details of the photographic technique and 
lUustreUons, They will, however, be the' sublect of a separate article, to be published later. 



378 


THE JOURNAL OP THORACIC SURGERY 


Jaeobaeus, H. C. a The Cauterization of Adhesions in Artificial Pneumothorax Treatment of 
Pulmonary Tuberculosis. Am. Bov. Tuberc. 6: S71, 1922. 

Kunstler, IV. E.: Immediate Besults of 200 Cases of Thoracoscopy and Pneumonolysis, Ann. 

Meet. Cdn. Med. Ass., Quebec. Div., Montreal, January, 1945. 

Kunstler, IV. E.: A Source of Danger in Thoracentesis and Its Prevention, Canad. M. A. J. 
53: 552, 1945. 

Matson, B. C.: Intrapleural Pneumonolysis Severing Adhesions in Artificial Pneumothorax, 
Goldenberg, Clinical Tuberculosis ed. 3, Philadelphia, 1942, F. A. Davis Co., Vol. 
1, p. D 71. 

Maxwell, B. J. C.: Beadhesions After Intrapleural Cauterization, J. Thoracic Surg. 14: 
194, 1945. 

Moore, J. A.: Intrapleural Pneumonolysis, J. Thoracic Surg. 3: 27G, 1934. 

Boberts, .7. E. H.: Presidential Address, Brit. Tuberc.. Ass. 1944. 

Unverricht, W.: Die .Thorakoskopie als Hilfsmittel fiir die endopleurale gnlvanoknustische 
Durchtrennung von Pleurastrangen, sovrie fiir eine neue Lokalisationsmethode extrn- 
* pleural anzugreifender Adhiisionen, Zeitschr. f. Tuberk, 36: 267, 1922. 

Yineberg, A. hr., and Kunstler, W. E.: The Bole of Intracavit 3 r Pressures in Collnpse 
Therapy for Pulmonary Tuberculosis, Canad. M. A. J. 46: 329, 1942. 

Vineberg, A. M. and Kunstler, W. E.: The Determination and Treatment of Pressure 
Cavities in Pulmonaiy Tuberculosis, Surg. Gynec. & Obst. 78: 245, 1944. 



AN UNUSUAL HAMARTOMA (SO-CALLED CHONDROMA 
OF THE LUNG) 

Morris A. Simon, M.l)., and Harry C. Ballon, M,D. 

Moxtrkai,, Qde. 

A LTIIOUGH small, so-called, ehomlromihs in the lung are occasionally en- 
countered as incidental finding* at autopsy or as accidental findings in 
routine x-rays of the lungs; the ocunrienn* of relatively large, intmpnlmonary, 
cartilaginous tumors which produce Winicnl symptoms is distinctly uncommon. 
Ordinarily, so-called chondromus vary from a few millimeter to 3 to 4 cm. in 
diameter, hut n few tumors varying from 5 to ir> cm. in diameter have been en¬ 
countered. They may ho subpleiiral in position, may lie near the hila or else¬ 
where in the lung, and arc firm, dt-nse, inclined to be somewhat lobulated, 
sharply demarcated, and pray and glistening upon section. The smaller tu¬ 
mors rarely, if ever, produce clinical symptoms. 

These so-called chondromas are not pure cartilaginous tumors but contain 
abnormal mixtures of elements normally encountered m bronchial wail. They 
are, therefore, more properly referred to as hamartomas 1 or hamartoma chondro- 
matoaum pulmonis.* 

Although hamartoma of the /ung is u.nuu//v eonxidoivtl as a benign, slow- 
growing tumor, it is possible that malignant changes may occur. The hamar¬ 
toma'in .this instance is unusual because of the size of the tumor, its histologic 
character, and the fact that it produced symptoms and a roentgenologic appear¬ 
ance which strongly simulated the usual broncliiogenic carcinoma. 

CASK REPORT 

H. B., a salesman, aged 49 years, flex'd oped an insidious cough during Fobraary, 1943. 
This complaint wn« soon accompanied by mucopurulent expectoration and moderately severe, 
more or less constant, pain in the left chest posteriorly. Three months later, when he first 
came under tho enro of Dr. D. II. Ballou and one of us (H.C. B.), roentgen-ray studies re¬ 
vealed a large circumscribed, slightly lobulated, dense mass iu the middle and posterior por¬ 
tions of the loft chest (Fig. 1). Tho loft diaphragm moved bat little with respiration. He 
' was twice given bronchoscopy by Dr. D. H. Ballon at the Boynl Victoria Hospital. On Hay 
19, 1043, tlseruo was removed from wlmt \vn* thought to be a papillomatous mass In the left 
main bronchus. Dr. T. R. Waugh reporte<l that tho tissue consisted, for tho roost part, of 
mucous gland structures and blood clot witbln fibrous and muscular tissue partly surmounted 
by a rather fragmented, pseadostratlfled, columnar epithelial layer. In a few places this 
gavo way to stratified squamous cells. Small nesfs of mature cells of opithelial type were 
present just beneath the lining cells. Dr. Waugh was of tho opinion that the findings did 
not permit of a diagnosis of malignancy. Blooding and profuse puiulent discharge precluded 
the taking of a biopsy during the course of tho second brandioscop\c examination. carried 
out ten days later. Previously febrile (00 to 100* F.) on June 3, 1943, he developed a teni- 

‘ • .From the Dcpsu-tmenta of Laboratories and Bursary. Jewish General Hospital. Montreal. 
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perature of 104° F. and a fluid level was noted in the left pleural cavity. The left diaphragm 
could no longer be visualized. There was increased hilum detail on the right. He was re¬ 
ferred for admission to the Jewish General Hospital. The clinical diagnosis throughout was 
suppurating carcinoma of the left lung. 

Physical Examination. —The patient, of sallow complexion, had obviously lost consider¬ 
able weight and was perspiring profusely. There was decreased respiratory excursion of 
the left chest. The percussion note was impaired over the greater part of the left posterior 
chest. Over its midportion, breath sounds were diminished. There were numerous moist 
rales at the base of the left lung, and scattered rales at the right base. The blood pressure 
was 164/80. 



Fig. 1.—Dense, lobnlated mass ocsupying the mklportlon of the left lung. The heart and 
mediastinal contents are drawn over slightly to the left There Is a small pleural effusion at the 
left base. 

Laboratory Findings. —The urine showed a trace of alb umi n and an occasional pus 
cell. A hemogram showed a slight anemia; the leucocytes numbered 16,000 per cu.mm. The 
blood Kline reaction was negative. Repeated examinations of the sputum were negative 
for acid-fast bacilli. Cultures of the sputum revealed the presence of Streptococcus hemo- 
lyticus and Staphylococcus aureus hemolyticus. 

Clinical Course. —A thoracentesis was performed on June 4, 1943, when a few cubic 
centimeters of blood-tinged fluid were aspirated. This fluid was sterile. A second aspiration 
on June S yielded a small quantity of slightly turbid, amber-colored fluid. Smears of the 
centrifugalized pleural fluid revealed moderate numbers of agglomerated cells, the majority 
of which could be recognized as polymorphonuclear leucocytes. The masses of cells showed 
marked degenerative changes to an extent which prevented recognition or study of their 
finer details. No cells could be identified as tumor cells. 

Large doses of sulfathiazole did not appreciably influence either the toxic clinical man¬ 
ifestations or the underlying lesion. These, together with the roentgenologic evidence on 
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Judo ,, 1043, of a spill over to the contralateral lung, precluded an exploratory thoracotomy 
and pneumonectomy which had been contemplated. Daring July tiie patient developed 
hemoptysis doily. Hie voice beenmo honree. His hemoglobin was now 50 per cent. He was 
subjected to a course of deep x-ray therapy by Dr. D. Berger and received 4G02r without 
benefit. 

The third and laat admission Wus on Sept 23, 1043, when tho patient was semistupor- ' 
ous, unable to swallow, and laid a right-sided facial weakness. His temperature was 102° F., 
pulse 152, and respirations were 40 to tho minute. Tlio abdominal reflexes were doubtful; 
thero was a questionable Babinski on tho right. Tho leucocytes numbered 14,300 per cubic 
millimeter. X-ray examination of tho chest ono day previous to his death revealed almost 
uniform obscuration of tho left liomithorax. The cardiac shadow was observed to be shifted 
to the left. A left*sidcd, apical, paramediastinal mass was also noted. He expired on Sept. 
25, 1043, eight months after the onset of his complaints. 

For at lenst five months of this period ho had exhibited signs of severe bilfttoral lung 
suppuration. His sputum, nt first mucopurulent, was subsequently blood-tinged and only 
latterly slightly foul. Tho flnnl clinical diagnosis was enreinoma of the left lung with 
chronic pneumonitis (abscess formation and bronchiectasis), pleural effusion, and metastases 
to tho brain. 

Necropsy Findings.—Necropsy was performed ono hour and ten minutos after death. 

No external abnormalities wero noted. The right thoracic cavity contained a voluminous 
crepitant lung of n mottled gray, red, and black color. No fluid or adhesions were present on 
this side. Postorolatorally, the left lung wne bound by dense, fibrous adhesions. The left base 
was adherent to tho diaphragm. In the loft lung a large, irregularly lobulated and globular 
niasy of bony consistency could bo palpated. This mass was continuous with a left paramedi¬ 
astinal mass which polled the trachea slightly to tho left. The pericardial sac contained 
200 e.c. of dear fluid having a specific gravity of 1.005. 

The two lobes of tho left lung were fused and no interlobar division could be identified 
either externally or on section. The left main bronchus wus slightly widened and at its 
division into upper and lower lobe bronchi, it wm noted that the left upper lobe bronchus was 
pushed medially and anteriorly _by the large, bony-hard moss which lay in what was prob¬ 
ably tho left lower lobe. The lumen of the left upper lobo bronchus appeared slightly nar¬ 
rowed and was filled with thick, gray, odorless pus. The mucous membrane of this bronchus 
was gray and intact. No ulceration or erosion was noted. The left upper lobe bronchus 
rodo over the underlying bony mass. 

Tho lumen of the left lower lobe bronchus was narrowed to a slit by the hard, bony 
tumor but tho mucous membrane was intact. The tumor thus impinged upon tho left lower 
lobe bronchus (Fig. 2). The main muss of tumor, however, occupied tho lateral and posterior 
portions of the left lower lobe and extended out to the pleura. 

The bony mass could be cut by tho saw only, and was extremely eboraated. On section, 
a roughly oval, lobulated mass of firm, gray tissue sharply demarcated from the surrounding 
lung was observed. A large part of the tumor, which occupied the posterior portion of the 
left lower lobe, lay subpleurally. This mass measured 11 by fi cm. (Fig. 3). In places it was 
of bony firmness, elsewhere it was gray and translucent and varied from cartilaginous to fleshy 
in consistency. In other areas multiple, fine, bony spicules could be palpated. In the periph¬ 
eral portion of the large mass a secondary, irregular cavity filled, with debris and bony spicules 
measuring approximately 6 x 2.5 cm. was encountered. 

Tho tumor extended posterior to the left major bronchus. Here it wns lobulated, fleshy 
in consistency, and at first tho mass resembled lymph nodes (C, Fig. 2). Section through this 
area revealed these masses to be continuous with the large mass described above. 

In no situation did the tumor mass break into a bronchus or appear to be derived from 
bronchial wall. Several lymph nodes in the mediastinum showed a mottled gray and black 
cut surface without gross evidence of tumor invasion. 
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The major portion of .the left upper lobe was gray, firm, and consolidated. Multiple 
small, irregular cavities with shaggy walls filled with- pus were noted. These varied from 
2 to 15 mm. in diameter. The portion thought to be left lower lobe, which lay below the 
tumor mass, was noncrepitant, gray, and fibrous, and contained several irregular, bronchiec- 
tatic cavities lined by thick, liyperemic mucous membrane and varying from 1 to 2.2 cm. in 
diameter. 

There was a brain abscess in the left cerebral hemisphere with focal fibrinopurnlent 
meningitis, but the balance of the organs failed tp show significant changes. 



. Fig. 2.—The left upper lobe bronchus. A, has been narrowed. The lower lobe bronchus, B, is 

siltlike. C, Represents a portion of tumor. 

ILicroscopic Findings. —Microscopically, the tumor was quite variable in composition. 
Sections taken from the softer and more fleshy portions of the tumor showed a richly cellular 
pattern in which the cells varied from fat-spindle to oval, or round. The nuclei of these cells 
were vesicular, varied considerably in size, shape, and staining quality, and showed not infre¬ 
quent bizarro and atypical mitotic figures (Fig. 4). Between the cells there was a variable 
amount of poorly defined, pink-staining matrix, which at times appeared to be protoplasmic 
processes of cells and at other times appeared to be amorphous or fibrillar. In gome situa¬ 
tions numerous giant cells containing from two to twenty nuclei were seen scattered irregu¬ 
larly throughout the tissue. In a few situations some of the tissue appeared to lie in lacunar 
spaces, suggesting a transition to young cartilage cells. 

In other portions of the fleshy tumor the cells appeared more spindlelike. Here the tumor 
was slightly whorled and richly cellular and occasional mitotic figures were encountered. 
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Hero and there uniall Islands of flbrocurtihige were seen (Fig. 0) and tbo tumor was well 
vascularized by thin-wnlled blood vcwU, Home of which contained bynllno throoibi. 

Section# taken through tho fleshy tissue in which fine liony spicules were felt allowed 
a richly cellulnr pattern In whirh the cell* were distinctly spindle-slmped and nuifonu in 
rito and shnjK\ Hero numerous irrogulnr islands of hyaline and flbrocartilago showing 
various stages of cnlcificution wen? *- 000 . Home uretth were encountered where cells were 
polymorphic and atypical and near the periphen «if one nodule the mediastinal fat was in¬ 
vaded. All type? of transition from spindle cell# to curtilage wore noted. 
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5.—Socgltal section through lert lun« ehowinc tumor with secondary cavity and adjacent 
notlulos. Noto the orpanbdnc pnoumonlo and bronchiectasis of tho loft upper lobe. 


Sections token from the bony mass which required dccnlciflcntion showed a rather 
cellular fibrous stronm in which numerous islands of cartilage in various stages of 
calcification woro seen. In some places these calcified mnsres of eartilngo branched and an¬ 
astomosed to form typical bony trabeculae which contained Haversian canals. No fatty mui- 
row was encountered and no foci of hemotopoiesis wero seen. Hctwecn the bony trabeculae 
and In tho cellular portion several irregular and elongated spaces were encountered which wero 
lined by single layers of low columnar to culioidnl, ciliated epithelium (Fig. 0). Tills epithe¬ 
lium rested directly upon the cellular tumor stroma nud contnincd no recognizable muscle or 
glands (Fig. 7). In tho periphery of this section the capsule of the tumor was absent uud 
tumor with bony spicules was found invading the compressed, adjacent lung and surrounding 
small bronchioles (Fig. 8). 

Section through the left upper lobe bronchos where the tumor impinged upon the 
bronchial wall and nnrrowed the Inmen showed a ricldy cellulnr spindle-shaped moss of tumor 
cells In which spicules of bone were present. The tumor lav ndjacent to but did not involvo 
or appear to be derived from the bronchial cnrtilnge or perichondrium. Adjacent lymph 
nodes showed no metastatic tumor (Fig. 9). 
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Sections taken to include the secondary cavity within the tumor mass showed extensive 
bland necrosis of the cellular matrix with only a few bony and calcified cartilaginous trabeculae 
remaining. 

To summarize, the tumor is large and is intrapulmonary in position. It is roughly 
lobulated, sharply demarcated, and as far as can be determined, does not arise from bronchial 
wall. This tumor showed every stage of bone genesis from a primitive osteoid tissue passing 
through cartilage formation to calcification. In one situation there is included deep within 
the bony portion of the tumor several structures lined, in part, by ciliated epithelium which, 
in all probability, are integral parts of the tumor rather than residual lung structures sur¬ 
rounded by invading tumor. In many places, from a histologic point of view, the tumor is 
frankly benign. In other situations malignancy cannot be excluded upon objective histologic 
grounds. In one area mediastinal fat lias been invaded and in another the capsule of the 
tumor is absent and invasion of lung parenchyma is seen. 




F'ig. 4.—-Cellular polymorphic area containing numerous giant cells. In this area, mitotic figures 
were frequent and malignancy could not be excluded upon objective histologic grounds. 


DISCUSSION 


What is the nature and genesis of this tumor? There is little doubt that 
this tumor is primary in origin in the lung. The remote possibility that this 
tumor represents a metastasis from a small, cryptic, primary malignant hone 
tumor cannot lie seriously considered. The absence of other symptoms and signs, 
the solitary nature of the tumor, its partial encapsulation and lack of metas 
tases elsewhere preclude such a possibility. 
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This tumor docs not appear to be eonnocted with or arise from any existing 
cartilaginous rings, although the bronchus rides over it. The tumor lies within 
tho lung substance, wliich it has pushed aside, and largely beneath the pleura. 
It encroaches upon tho hiliun. In this respect the present tumor is similar in 
position to those so-called chondromas of the lung collected and reported by 
nieky and Simpson, 3 Ycrga, 4 Bcnninghoven nnd Pierce" and McDonald, Harring¬ 
ton, and Clagott.” All the above authors have noted the eloso proximity of these 
tnmors to the pleura. In none of thoir cases did tho tumor appear to ariso in 
the mediastinum nnd extend secondarily into the lung parenchyma. 



The fact that tho present tumor contains bono and shows transitions from 
cellular spindlc-eell matrix through cartilage, calcification, and ossification, does 
not necessarily argue its derivation from osseous tissue, whether arising from 
a focus of osseous metaplasia in a scar, from a healed tuborculous lesion, or 
from a focus of bony metaplasia in a cartilaginous ring, for. the so-called 
chondromas of the lung which havo been reported in the literature have shown 
various stages of calcification and ossification and, indeed, such changes might 
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readily be expected. The majority of investigators describe their tumors as 
having a rocklike consistency. The possibility that this tumor arose on the 
basis of bony metaplasia which has been described in Henke-Lubarsch 7 as oc¬ 
curring in chronic organizing pneumonia seems unlikely, for these bony spicules 
are small, needlelike, widely dispersed, and never tumorous in character, and 
no transitions between cartilage and cellular matrix are observed such as oc¬ 
curred in this tumor. 




iCyuu'A&S-i 

Pig. 0.—Low-power view of frankly bony portion of tumor with osteoid matrix. In the c«nte 

Is a long slender space lined by cuboldal epithelial ceUs, some of which are cinaieu. 

The findings of irregular spaces deep within the tumor .which, are lined!)} 
epithelium, some of which is ciliated, are, perhaps, of greatest significance in ^ 
tempting to arrive at an understanding of the genesis of this tumor. The ac 
that these spaces are composed only of a layer of epithelial cells resting UP 01 ! 
the cellular matrix of the tumor without other recognizable components o 
bronchial or bronehiolar wall indicates that these structures are an integral par 
of the tumor rather than remnants of bronchial structures which were sur 
rounded and isolated by invading tumor. 

In the great majority of the so-called chondromas of the lung reported ^ 
the literature, various admixtures of glandular spaces, lined at times by ci ' a 
and nonciliated epithelium Avith or Avithout papillary infolding, fat, blood v ^ 
smooth muscle, and occasionally tymphocytes, have been noted. Various^ 
such as “adeno-fibro-lipo-cliondronryxomatosum” “lipo-chondro-adenoma, 
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ono-chondromn” find “lipo-chondroma” have been applied to these tumors. 
Bayer* reported five eases of what lie called bronchial hamartoma and Golds¬ 
worthy* reported a case which lie labeled hamartoma ehondromntosum pulmonis. 

The presence, therefore, of both mesenchymal and ectodermal elements in 
the al>ove-mcntioncd and in the presently discussed tumor suggests that we are 
dcnb'ng with a hnmnrtoma or teratoma. According to Albrecht, 1 who first 
UBcd the tern, a “hamartoma (from the Greek, meaning to fail or err) is a 
tumorliko malformation in which occurs actually only an abnormal mixing of the 
normal' components of the organ. The abnormality mav take the form of a 


Flir. T.—-Hlch-powcr view of space lined by ciliated epithelium. Note absence o f m uscle, elands, 
and note that tho epithelial celts rest directly upon osteoid matrix. 

change ill quantity, arrangement, or degree of differentiation, or may comprise 
all three. Tho deduction to be drawn from the histologic examination of these 
formations is that they have originated in an abnormal mixing of the elements 
or from disturbance of their development.” 

In the tumor, in our ease, the presence of cartilage and of spaces lined by 
ciliated epithelium can lie regarded as an abnormal mixing of normal com¬ 
ponents of tho bronchus. The quantities of these elements and their degree of 
differentiation do not invalidate tho definition. Indeed, Borst," suggests that 
such developmental disturbances may liecome the seat of growth excesses and 
mav become truly neoplastic or even malignant in character. Borst 8 also noted 
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that cartilage occurs in a large proportion of hamartomas and suggests that the 
cartilage present in many of the chondromas of internal organs was due, in part, 
to metaplasia of connective tissues and, in part, to embryonic scattering of car¬ 
tilaginous germ centers. Mallory 10 has also stressed the importance of meta¬ 
plasia in cartilage-containing tumors of soft parts. In the present case, areas 
were encountered in which dedifferentiation was quite marked and where the 
tumor was definitely neoplastic if not malignant in character.. 



Mg. S .—Compressed peripheral portion of lung (lower left) showing lack of capsule of tumor. 
Note that the tumor surrounds an intact bronchiole on the right. 


The term hamartoma is all-inclusive and does not necessarily refer to a 
given organ or tissue overgrowth type. Therefore, with Goldsworthy, "'ho 
suggested the name of “hamartoma eliondromatosum pulmonis,” the authors 
would agree that specific localization and description might be included in 1 
term and, to this end, one might cal] the present tumor “hamartoma osteo- 
chondromatosum pulmonis malignum.” 
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■ There are those who may possibly wish to employ tho term “mixed tumor” 
in the sense of Womack and Graham.” For those who wish to regard this 
tumor as a teratoma in which there has been an overgrowth of one element with 
suppression of tho others, the following objections may bo raised. No other 
structures than thoso normally found in this region were discovered in this 
tumor. Tho present tumor, unlike the majority of teratomas, does not arise 
anatomically from the mediastinum. 




• - J Hr. 




FI*. £>.—Lett upper lobe bronchu* pawing over- tumor. Note caliular RtTuctureofUtraor. 
left, containing pony aplcules. The lymph node on the right 1* not Invaded. Note Intact peri¬ 
chondrium about bronchial cartilage*- f 

Although, from a clinical point of view and in the absence of metastases, 
tius tumor may be regarded as benign, it is apparent from an objective his¬ 
tologic point of view that malignancy cannot be excluded. Furthermore, evi¬ 
dence of lack of capsule and local invasion in the poriphery of tho tumor is 
present. This recalls the unique case of a pulmonary osteochondrosarcoma re¬ 
ported by Greenspan” which showed locally invasive features. It is probable 
that the origin of his reported tumor was from a hamartoma, although no 
epithelial-lined structures or other tissue types were noted. From a purely 






390 


THE JOURNAL OP THORACIC SURGERY 


theoretical point of view, there is no valid reason why a hamartoma or any other 
congenital malformation may not, under certain conditions, show malignant 
changes. 

From a clinical point of view our ease is of interest in that it may he as¬ 
sumed that the tumor had been present for many years. When it impinged 
upon the narrowed major bronchi it produced signs not unlike those associated 
with bronchial obstruction due to carcinoma. The original and all subsequent 
x-rays Avere suggestive of tumor but failed to reveal the characteristic findings 
noted in the x-ray of the specimen. Most so-called pulmonary chondromas are 
silent because of their usually small size and intraparenchymal position. In 
Klages’ 13 case, the first in which the diagnosis was made roentgenologically and 
confirmed by histological examination of the specimen, the patient Avas free of 
symptoms. Similarly, in one of the two cases reported by Benninghoven and 
Pierce, 0 Avhich Avas treated surgically, no symptoms were present. In only 
one of the three cases reported by McDonald, Harrington and Clagett 6 in Avliich 
surgical removal Avas performed, were symptoms present, and these consisted 
of dyspnea on exertion and a burning sensation in the anterior portion of the 
thorax. It is to be noted that intralumenal polypoid tumors Avhich may contain 
ehondromatous elements such as those reported by Moore, 1 ' 1 Gcbauer, 10 and 
Davidson 16 are not included with hamartomas. 

So-called pulmonary chondromas are not unique in man but have been 
noted in domesticated animals. 17 


SUMMARY 

An unusually large hamartoma (so-called chondroma) of the lung is re¬ 
ported. It Avas responsible for signs suggesth’e of bronchiogenic carcinoma. 
It would perhaps be preferable to describe the hamartoma in our case as a 
hamartoma osteochondronuttosum pulmonis malignum. The tumor Avhich avc 
have described shoAvcd features Avhicli upon objective grounds do not permit one 
to exclude the possibility of malignancy. 
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ADENOMAS ARISING FROM SMALL BRONCHI NOT VISIBLE 

BRONCHOSCOPICALLY 

Herbert C. Maier, M.D., and Walter W. Fischer, M.D. 

New York, N. Y. 

B RONCHIAL adenomas usually occur in the larger bronchi and can be visu¬ 
alized tlirough the bronchoscope. The diagnosis is often established by 
the microscopic examination of biopsy material removed ehdoscopically. In an 
extensive discussion of bronchial adenoma by Foster-Carter 1 in 1941, the state¬ 
ment is made: “A bronchial adenoma arises invariably in one of the larger 
bronclii and there is no record of this tumor occurring in the periphery of the 
lung. ’ 1 Apparently all of the adenomas reported in the literature at that time 
were in portions of the tracheobronchial tree that could be visualized through 
the bronchoscope. Moerseh and associates 2 recently stated, “Adenomas in¬ 
variably arise from the main stem or larger bronchi.”. Among the patients with 
bronchial adenoma that we have treated, there are live in whom the tumor was 
located in a branch bronchus not accessible to the bronchoscope. In each in¬ 
stance the tumor was large enough to be clearly demonstrable on the roentgeno¬ 
gram of the chest. In two patients an x-ray was taken because of thoracic 
symptoms. In two other cases the tumor was found during an x-ray survey. 
In one patient the pulmonary lesion was found during a gastrointestinal roent¬ 
gen study. Since the tumor did not arise from a large bronchus in any of the 
cases, it is understandable that none of the patients had any history or symptoms 
of secondary pulmonary suppuration. In four of the cases the tumor was lo¬ 
cated near the hilar area (Figs. 1, 2, 3, and 4) but arose from a small branch 
bronchus rather than from the main lobar bronchus. In the fifth case the tumor 
was at the periphery of the lung close to the diaphragm (Fig. 5). Three of the 
patients were asymptomatic, one patient had had several hemoptyses, and one 
had slight pain in the chest. Lobectomy tvas done in four cases and partial 
lobectomy performed for the peripheral tumor in the fifth case. All patients had 
an uncomplicated postoperative course and are in good health at this time, two 
yeara eight months to six months after operation. 

In the four cases in which the bronchial adenoma was located near the 
hilar poiiion of the lung, a correct diagnosis was made at the time of operation 
on the basis of the gross characteristics of the tumor. Although the peripheral!.' 
located tumor had a similar consistency, its most unusual location made us hesi¬ 
tate to diagnose an adenoma until that diagnosis was demonstrated by path¬ 
ological examination (Fig. 6). 

It is important that the thoracic surgeon recognize the gross characteristics 
of bronchial adenoma. The tumor is moderately soft, being considerably sofF r 
than the typical carcinoma. Not infrequently some lobulation is present. ie 

From the Surgical Service, Lenox Hill Hospital, and the Thoracic Service. Memorial 
Hospital. 
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tumor is usually reddish-brown in color. If n portion of the tiunor projects 
into tho mediastinum, small veins arc often seen crossing over the surface. In 
most instances a portion of the tumor can bo enucleated from the adjacent pul¬ 
monary tissue or mediastinal tissues, but there is no cleavago plane in the region 
of the bronchus of origin. If the tumor projects into an interlobar fissure, it 
may be noted that when the pleura is divided over the tumor, Hint portion of 
the tumor which projects toward the adjacent lobe can be rcudilv freed, so that 
lobectomy is feasible. We do not feel that pneumonectomy Is necessary in eases 
of bronchinl ndcnomn that arc typical and so located that the tumor can be 
completely removed by lobectomy. None of our patients bad involvement of 
the regional lymph nodes. 


CASE RF-P0RT8 

CASE 0. H, mule, nged 40, was admitted to Memorial Hospital on Dec. 6, 1943. A 
year preciously the patient noticed slight dyspnea on exertion nnd fntiguabtlity. Several 
hemoptysca hod occurred nfter exertion. Physical examination tens negative. Roentgenogram 
of tho chest revcnlod nn elongnted; well-demarcated shadow extending out from the left hilum. 
Associated with tills mass thero was a moderate increase in density of the nnteromedial portion 
of the loft upper lobo suggesting a partial ateleeto«K The remaining lung fleldn wero c ear. 
Tho roentgenogrnphic finding* indicated a tumor at the left hilum, probably anamg in the 
region of tho ventral segment of tho loft upper lobe (Fig. 1). Bronchoscopy ™ negative. 

At operation on Dec. 7, 1943, n well-cnrapsulntcd ovoid lesion which lay in close prox 
irnity to tho main stem bronchus nnd hilnm was found. A dissection type of left upper lo 
lobectomy was performed. On examination of the surgical spemm™. * 8maU P or *“ m 
lobo wns found to bo dark in color, moderately Ann in consistency, nnd apparently n rless, 
tbo remainder wns aerated. Involving tho hilnr region and s,tooted just odjncento the 
main lobar bronchos was nn Irregular, ovoid-shaped tumor. It wns pink in color, Aomd •o»° 
lobulation, and wna apparently encapsulated nnd well domarented from the adjacent pul¬ 
monary tissue. It measured 4.5 X 3.1 x 2.3 cm. Section of the lung showed that there wore 
three main branches of tho lobar bronchus. Two wore situated below the tnmoiand the up¬ 
permost ono of those two was displaced downward nnd was c ^ w8 ?^ a ‘ w . ’ 

but thero wns n definite line of cleavage between the two. The other branch of 
wns' located above nnd Intend to-the tumor. Mlcrwcopie diagnosis was bronchial,adenoma. 
Tho patient had an uneventful postoperative course nnd has been woR nnd asymptomatic since. 

CASE 2-K. I female, aged 27, wns admitted to Lenox Hill Hospital on Juno 20, 194L 
Fire year, prior to ’admission the patient developed pain in tho chest end an x-ray reread 
a muTin L left lung. Repeated roentgenograms since then had 

meat of the mass, although the patient had no polmonary symptom, “^PUng occnsre a light 
discomfort in tho chert. On admission n chest roentgenogram ^'rflhc 

inarglnated shadow of increased density at the pwto or ^ 1 tlloracotomy 

left hilnm, measuring oboul 4 an i In wmo what into the Interlobar 

was performed. In tho upper port of the b g^g bronchos 

i ,, nrpj» except at it* attachment to tno bronchus, iho 

pulmonary tissues over a coaaldornblo area, ox ^ ^ ^ ^ A , rft 

lower lobe tvb* nix*eontalnlng and snowed, no a e b . _ ,, . • 

lower lobo lobectomy of tho dlwection typo ™ performed. Exnmmahon of b o rargical 
specimen revealed that the tumor arose from a smnU branch bronchus ndjnren to the lotar 
bronchns. No inflammation wna present. Tho pathological dingo™, was bronchial adenoma. 
Tho partoperaUve course wns nnorentfnl and the patient lias remained well. 

CASE S.-C K, male, aged 42, was admitted to Lenox Hill Hospital on Fob. 1, 1045. 
One month prior toldmission n routine x-ray of tho chert at hi. place of employment showed 
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3,—Sharply circumscribed numt near liilum of left lower lobe. 



Fig. 4.—Large mud In anterior portion of right upper lobe with distal atelectasis. 
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a lesion of the left lung. He had had no symptoms. No previous chest x-ray had ever been 
taken. Physical examination was negative. Roentgenogram of the chest showed a globular 
shadow of increased density, measuring about 4 cm. in diameter, located in the left lower 
lobe adjacent to the inferior portion of the hilum (Fig. 3). At operation on Feb. 3, 1945, 
a mass could be palpated in the hilar portion of the left lower lobe. The tumor bulged into 
the interlobar fissure and encroached slightly on the upper lobe. On exposure the mass was 
somewhat lobulated, and a portion of it could be enucleated from the surrounding tissue. A 
dissection type of left lower lobe lobectomy with complete removal of the tumor was done. 
Examination of the gross specimen revealed that the tumor did not present in the lumen 
of the main lobar bronchus and there was no obstruction of this bronchus. The tumor ap¬ 
peared to arise from a small branch bronchus adjacent to the main bronchus. No inflammation 
was present. Microscopic examination of the tumor revealed a bronchial adenoma. The post¬ 
operative course was uneventful and the patient has remained well. 



Fig. 5.—Posteroanterior film shows rounded mass projecting partly above dome of rlrh 
diaphragm. Lateral film shows mass posteriorly in costovertebral portion of right lower 
• just above diaphragm. 


Case 4.—L D., Negress, aged 16, was admitted to Lenox Hill Hospital on Jan. 30, 1946. 
Routine roentgenogram of chest made in a tuberculosis survey in November, 1945, revealed a 
mass in the right middle lung field. The patient had always been in good health and had had 
no symptoms referable to the lungs. Physical examination was negative. Roentgenogram of 
the chest showed an irregularly shaped mass measuring approximately 6 cm. in its greatest 
dimension, situated near the root of the right lung. The lateral film localized the mass 
anterior to the hilum in the region of the short fissure. A small area of slightly increased 
density was noted in the lung field lateral to the tumor mass (Fig. 4). Bronchoscopy Ya. 
negative. Thoracotomy was performed on Feb. 1, 1946. There were vascular adhesions pre. 
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ent over tlie lower anterior portion of the upper lobe. This portion of the lobe was airless 
and had a yellowish appearance. A tumor was present near the hilum of the upper lobe. A 
dissection type of right upper lobe lobectomy was performed. Examination of the specimen 
revealed a moderately firm mass arising from the lower anterior branch bronchus. The lnng 
peiipheral to the tumor was largely airless and rubbery in consistency, and on section revealed 
a soft, golden-pink tissue. Microscopic' examination of the tumor revealed a bronchial ad¬ 
enoma. Section through the golden-pink pulmonary tissue distal to the adenoma revealed large 
foam cells with extensive cliolesterin deposits. Sections of the lymph nodes showed no tumor. 
The postoperative course was uneventful and the patient has remained well. 

Case 5.—M. U., female, aged 38, was first seen at Memorial Hospital in January, 1945, 
when she complained of epigastric pain and postprandial vomiting of seven months’ dura¬ 
tion. The vomitus had been bloody on two occasions. She had been unsuccessfully treated 
by diet. Roentgenograms were interpreted as showing a soft tissue mass in the lower periph¬ 
eral portion of the right lower lobe (Eig. 5) and pyloric obstruction, possibly due to a peptic 
ulcer. An aspiration biopsy of the lung lesion was reported as probable malignant tumor. 
At operation on March 8, 1945, a soft, sharply circumscribed tumor mass was found in the 
right lower lobe just beneath the diaphragmatic and posterior pleural surfaces of the lobe. 
There was no atelectasis and the adjacent pulmonary tissue appeared normal. Because of the 
peripheral location of the tumor and the absence of any other pathology in the lobe, a wedge 
resection of that portion of the lung in which the mass wns situated was performed, and frozen 
section done immediately. The microscopic diagnosis was bronchial adenoma (Fig. 6). On 
examination of the gross specimen, the tumor mass, measuring 5x5x4 cm. was found well 
circumscribed and demarcated from the surrounding pulmonary parenchyma by a fine but 
definite capsule. In no place did it invade or ulcerate the overlying visceral pleura. The 
gross appearance resembled lymphoid tissue. The pnfient had an uneventful postoperative 
course. Four months later gastric resection was performed for obstructing duodenal ulcer. 
The patient has been well since that time. 

SUMMARY 

Five cases of bronchial adenoma arising from small bronchi are reported. 
In each instance the adenoma was located in a portion of the bronchial tree that 
cannot be visualized bronchoscopically. Hemoptysis was present in only one 
case. At the time of operation, none of the patients had any pulmonary sup¬ 
puration. Lobectomy was performed on four patients. Due to the peripheral 
location of the adenoma in the fifth patient, a partial lobectomy was done. All 
patients had an uncomplicated postoperative recovery and are well at this time. 
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FASCIA LATA GRAFTS FOR CHEST WALL DEFECTS 

William L. AVatsox, M.D., F.A.C.S., and Arthur G. James, M.D.* 

New York, N. Y. 

C HEST wnll tumors comprise n group of ncoplnsms which lias been ade¬ 
quately covered in the medical literature. Hcdblom, 1 ' 3 in the year 1921, 
and again in 1933, reviewed all reported eases and added his personal obser¬ 
vations. Sommer and Major 3 reviewed all references to the subject from 1933 
to 1940 and added fifteen cases of their own. In these reports the authors 
agreed that the closure of large, surgical, chest defects was sometimes very 
difficult. Hedblom used various measures for producing adhesions between 
the lung and that part of the chest wall which was to be resected. His opera¬ 
tions were carried out in stages. Iodoform gauze was first packed subcostally 
for a time before the pleura was opened or the lung itself was sutured to the 
chest wnll. AVhen approximation of the intercostal structures was not possible, 
Sommer nnd Major attempted airtight chest wnll closure by cnrcfnl suture of 
the extrneostnl muscles, Iho sulicutaneous tissue, and skin. Effler and Blades* 
in a recent discussion of ‘'Thoracic Centers in World War II,” also stated 
that serious defects in the chest wnll were not nlwayB readily closed with skin, 
muscle, nnd bone of tho thorax. In a few isolated instances, tantalum- plates 
have been used to bridge the defects in tho chest wall, but these endeavors were 
commonly disastrous because tho plate acted ns a foreign body and either 
sloughed out or became loose and moved with respirations and had to be removed. 

Fascia lata transplants have been or could possibly be used to serve many 
different purposes. ICirschncr” in 1914 listed, among other uses for fascia lata 
grafts, the possibility of closing defects in the thoracic wnll. In 1924, Brenner” 
used fascia lata in the reconstruction of a portion of the male urethra. In 1924, 
Gallie and LeMesuricr 1 used free transplants of fascia lata ns living sutures 
in the treatment of hernia. During World War II, fascia lata transplants were 
often used in repairing large dural defects,” to stop the loss of cerebrospinal 
fluid nnd prevent the entranco of organisms through the meningeal defect. In 
1930, Zinninger 8 reviewed tumors of the chest wnll at the Peiping Union Medical 
College Hospital. He presented one case of a 23-year-old Chinese carpenter 
who had a fibrosarcoma of the right epigastrium. It was necessary to excise 
the entire thickness of the abdominal wall in order to remove the tumor nnd 
the peritoneal cavity had to be opened. In closing tho wound it was possible 
to approximate the skin nnd subcutaneous tissues, but there remained a defect 
in the peritonoum, muscle, and fascia about the size of a man s hand. This he 
closed with a layer of fascia lata from the right thigh, fixing it with interrupted 
silk sutures to the peritoneum and fascia on both sides. The skin flaps were 
then closed over the fnscial transplant. 

From the Thoracic Snrelcal Service, Memorial Hoepltal. New York. N. Y. 

Received for pabUcatlon Dec, 5, 1W8. 

•Trainee. Notional Cancer Institute. 
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It is the purpose of this paper to present four cases of large chest wall 
tumors in young patients which were resected, and the resultant surgical defects 
successfully closed -with the aid of large, wide, free, fascia lata grafts. The 
procedure seems to be a practical one, which probably can he used more fre¬ 
quently in the future. 

TECHNIQUE 

Endotracheal gas, oxygen, and ether anesthesia is employed and the 
patient is prepared as for any other major chest operation, but, in addition, 
one thigh is also prepared and draped. After a wide resection of the tumor¬ 
bearing portion of the chest wall, a fascia lata graft, the same size as the defect, 
is taken from the selected thigh (Pig. 1), and the “shiny side,” that is, the 
surface adjacent to the subcutaneous tissue, is placed so as to be in contact 
with pleura. It is then secured to the parietal pleura and periosteum w'ith 
multiple interrupted silk sutures as shown in the diagram in Fig. 2. A #18 
French catheter is left in the pleural space until the chest is completely closed 
in order to facilitate the removal of all free pleural air as the anesthetist 
establishes complete liing expansion. It is important postoperatively to keep 
the lung completely expanded so that the graft is continuously pressed against 
its bed at all times. 

CASE REPORTS 

CASE 1.—At. L., an unmarried 24-year-old native Dutch West Indian woman, first came 
to Alemorial Hospital on Nov. 9, 1945, She stated ,that in 1941, two weeks after a slight 
trauma to her left anterior chest well, she had noted a tumor mass in that area. It grad¬ 
ually increased in size and was intermittently painful. The following year it was excised, 
and the surgeon stated that it was a benign tumor originating in the pectoralis muscle. The 
mass soon recurred and was excised again in 1944. No report of the second operation 
could be obtained. Three months later the mass again recurred and the patient was finally 
referred to the United States for further treatment. 

On admission physical examination revealed a well-developed, thin, Negro female in 
good general condition. The .left anterior chest revealed a tumor mass measuring 5x5 cm. 
overlying the second and third ribs. This seemed to be attached firmly to the underlying 
structures. Below the mass there were two healed surgical scars, and beneath these scars 
there was another mass measuring 4x5 cm. Roentgenograms of the chest showed no evidence 
of metastasis to the lungs or destruction of ribs. 

The patient was admitted to Alemorial Hospital and on Dec. 14, 1945, from a biopsy 
of the tumor, the pathological report was spindle-cell Barcoma. On Jan. 5, 1946, an attempt 
was made to remove the growth. Tire subcutaneous tissue overlying the mass, the pectoralis 
major and minor muscles, and portions of the third and fourth ribs were removed with the 
tumor. The tumor was seen to invade pleura and no attempt was made to resect this pleural 
extension of disease. 

Convalescence from the first surgical procedure was uneventful and the patient was 
readmitted to the hospital and operated upon on April 10, 1946. At this time, the left 
broast was raised as a flap from the chest wall, exposing the bony' chest cage. The remaining 
tumor was excised, together with portions of the second, third, fourth, and fifth ribs, the 
intervening muscular bundles, and the underlying parietal pleura (Fig. 3), leaving a chest 
wall defect measuring 15 x 12 cm. A large graft of fascia lata was then removed from the 
right thigh and sutured into this defect. The lateral margin of it was sutured to the pleura 
and periosteum, and the medial margin was attached to the pleura, pericardium, and other 



!.—free graft sutured In ■urcleal defect. 
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soft tissues and muscles as they presented themselves. The skin flap and breast were then 
sutured in place over the fascia lata graft. Care was taken to fully inflate the lung before 
the operation was completed. 

The patient tolerated the procedure very well, and the postoperative convalescence was 
without incident (Pig. 4). The lung remained well expanded, and there was no pleural 
effusion. Repeat postoperative x-rays showed no evidence of pleural reaction (Pig. 5). 

The postoperative pathologic diagnosis was low-grade spindle-cell sarcoma. 

Case 2.—J. L., a 55-year-old white, unmarried female, entered Memorial Hospital Aug. 
G, 1935, complaining of a lump in the left side of her abdomen which had been present, 
but symptomless, for two years. Por several months prior to admission the mass had in¬ 
creased noticeably in size. 

Physical examination was negative except for the tumor mass, which measured 12 x 5.5 
cm. was elongated in shape, and seemed to originate near the'loft costal margin in the 
region of the anterior axillary line. The mass was elastic in consistency, firmly attached to 
the underlying bony structures, but not to the overlying skin." Roentgenograms of the chest 
showed considerable destruction of the left tenth and eleventh ribs. 



Pig. 3.—Graft tn surgical defect. 

The mass was aspirated and pathologic examination revealed it to be a chondromjxo 
sarcoma. In preparation for surgery an artificial pneumothorax was established on the left 
side. On Aug. 1G, 1935, operation was performed and a bulky tumor, measuring about 15 
cm. in diameter was found to involve the anterior midportions of the left ninth and tenth 
ribs. It was adherent to the diaphragm and to peritoneum and could be palpated extemalb 
where it invaded the muscles of the anterior upper abdominal wall. Becauso of the adherence 
of the tumor, portions of the peritoneum, pleura, and diaphragm had to be excised, together 
with sections of the ninth, tenth, eleventh, and twelfth ribs (Pig. 6 J and G B). A long, 
wide strip of fascia lata was obtained from the left thigh and sutured to the diaphragm nnc 
pleura. The fascia lata graft actually substituted for a part of the diaphragm. The muEcle 
tissue could not be approximated; the skin and subcutaneous tissues were sutured over the 
graft. 
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Post opera ti rely, tJio patient dovoloped an effusion in the left pleural cavity and car¬ 
ried a few degrees of fever, but tho wound healed well and sutures were remorod by tbo 
eighth day. On tho eighteenth postoperative day the patient suddenly went into shock and 
expired. An autopsy wns obtained. Tho cause of death was found to bo a thrombopldebitis 
of tbo left internal iliac vein with metastatic, bilateral, pulmonary emboli. Examination 
of the left pleural cavity showed an nccumnlation of n small amount of scrosanguineous fluid. 
The graft had taken well to the diaphragm and. pleura. There was no adherence of the 
graft to tho visceral pleura. 

The Anal pathologic diagnosis was low-grndo chondrosarcoma. 

Case 3.—E. AT., aged 21, entered the United States Naval Hospital, Brooklyn, N. Y., 
Oct. 23, 1944, beenuse of a lump on the right chest. Ho stated that without known cause, 
a small mass had appeared on hla right cheat posteriorly and slowly increased in sire, but 
caused him no pain or disability. An operation under local anesthesia at Quonset Point, 
R. I., Oct. 10, 1944, revealed the tumor, which was incompletely removed. 



Fig. 4,—Postoperative appearance. 


Physical examination revealed a recent scar 10 am. in length over the right ninth rib 
IKmtoriorly. Tho remainder of the physical examination was essentially negative. 

On Nov. 29, 1944, a second operation was carried ont and portions of tho seventh, 
eighth, and ninth ribs resected on tho right side with a block removal of the tumor and 
that portion of the chest wnll. The resulting defect was closed with a broad shoot of fascia 
lata measuring 15 x 10 cm. 100,000 units of penicillin and 2 Gm. of soifanilimide powder 
were placed in the wound. The tumor measured 18 x 16 cm., it was lobulntod and movnbie 
except at its bnse, where it was seen to arise from tho chest wall anil ribs, and at its 
apex, where it was intimately adherent to the lung. The chest was closed without 'drainage. 
On Dec. 5, 1944, thoracentesis, right cheat, yielded 700 C.C. Burgundy-colored fluid. On each 
of the following two days he was given 500 c-c. of whole blood. On Dee. 7, 1D44, 1,050 ox. 
of clear Bargundy-colored fluid was removed from the right pleural cavity. On Dec. 16, 1944, 
an x-ray showed the presence of a alight pneumothorax. Ilepoat x-rays of the chest showed 
a gradual disappearance of the pneumothorax and pleural effusion. 

The postoperative pathologic diagnosis was endothelioma of pleura. 

Casi 4_p, G., aged 18, was admitted to the United States Naval Hospital, Brooklyn, 

N. Y., Sept. 80, 1943. Ho stated that during a routine physical examination in March, 1943, 
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a symptomless mass involving the left fourth rib was discovered. The tumor was removed 
at another Naval Hospital in May, 1943, and a diagnosis of chondroma whs made. In Sep¬ 
tember, 1943, he began suffering from episodes of hemoptysis and at this time he entered 
the Brooklyn Naval Hospital. 



Fig. 5.—Roentgenogram eight days postoperatlvely. 


Physical examination was essentially negative. There was a 4-inch, well-healed scar 
in the anterolateral aspect of the left chest in the area of the fourth interspace. There was 
no local evidence of recurrence. X-ray examination of the left thoracic cage showed evidence 
of a chondroma involving the partially-amputated anterior end of the fourth rib. After 
partial pneumothorax it was demonstrated that there was no fixation of the lung to t le 
recurrent growth. 

The patient was prepared for surgery and on Dec. 18, 1943, under cyclopropane, endo 
tracheal anesthesia, a bony tumor of the left fourth rib together with the adjacent thir 
rib was removed. This excision left a chest wall, pleural, and soft part defect wine 1 
measured 8 x 10 cm. A fascia lata graft was next obtained and sutured into this defect. 
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The postoperative course was essentially uneventful. There was some pleural reaction on 
the left side which subsided completely, and the incision healed per primum. 

The final pathologic diagnosis was osteochondroma. 

DISCUSSION 

The use of fascia lata grafts in chest wall defects has several definite 
advantages: 

1. It eliminates the need for a fixed, foreign body in the constantly ex¬ 
panding and' contracting chest wall. 

2. Fascia lata is readily available, even though it may not have been 
planned preoperatively to use a graft. If some other type of material were 
to be used, such as tantalum, definite preoperative plans would have to be made. 

3. A better “cancer operation” can be carried out if one plans to help 
close the postoperative defect with a graft. A large graft of fascia lata will 
take as well as a small one, and one should not hesitate to resect at least one 
rib beyond the palpable extent of the tumor. 

4. In eases of resection of the entire thickness of the chest wall, with 
exception of the skin, fascia lata adds a certain amount of support and also 
aids in making .the chest wall airtight at time of operation. 

fi. Fascia lata grafts are firm enough to prevent postoperative pulmonary 
herniation. 

. The blood supply to the fascia lata grafts evidently comes through the 
side away from the pleural cavity. In Cases 2 and 3, the grafts took well in 
spite of varying amounts of pleural effusion. In the only case in which a post¬ 
mortem examination was carried out, the fascia lata graft had taken well in 
spite of the presence of pleural fluid. Although, in these four cases, the pro¬ 
cedure was used in the surgical care of primary tumors of the chest wall, it 
should also be applicable in cases of cancer of the breast with direct extension 
of disease into chest wall hut without distant metastases. 

SUMMARY 

Four young patients had their large chest wall tumors resected and the 
resultant surgical defects closed with the aid of fascia lata grafts. The grafts 
took well in each case, and adequate chest wall support resulted in each instance. 
There was no evidence of postoperative herniation in any of the four cases. 
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PUNCTURE WOUNDS OP TIIE CHEST 

HUOIl SIONTUOMERY, M .1 ).,* Pit ILADKLIUIIA, Pa., DaVID IIaLJBERSLEBEN, M.D.,* 
Boston’, Maes., and Prank Benjamin Carr, M.D.,t Worcester, Mass. 

PATJENTS with chest wounds nee usually caved for by surgeons, nnd most 
I of the literature on this subject is surgical. Unfortunately, this literature 
gives thd impression that most of the care of patients with puncture wounds 
of the chest is surgical. Actually, only a very small proportion of the patients 
receiving such wounds have, in our experience, required surgery, if simple 
suture of a sucking wound can be called n prerogative of any doctor, or, if 
need be, of any medical corpsman. These wounds stand in sharp contrast to 
those of the abdomen, for instance, which entail painstaking surgery. 

This report concerns the treatment on the medical service of a naval ad¬ 
vanced base hospital of 100 consecutive patients with puncture wounds of the 
chest uncomplicated by severe wounds in other parts of the body. The pa¬ 
tients were admitted some days after they had been wounded (Table I). Very 


Tabu: I 





nmmmjMM 

iMBiiiBuilal 

uaiHMimuiia 

rniKiiiHa 

Number of 
patients 
(Total num¬ 
ber of pa¬ 
tients, JOD) 

0 1 8 12 12 12 6 7 

5 0 0 8 

4 2 2 3 0 3 

1 1 1 


commendable records, covering the period from wounding to admission, were 
received with the patients nnd pertinent data are drawn from them nnd from 
our own observations for use in the study. The patients were unselected, 
except that those with recognized empyema, a small proportion of the total, 
were usually sent directly to the surgical service. 

In all cases, mefnllic bodies or fragments, or bone splinters, punctured 
four structures: the chest wall, one or more blood vessels, parietal and vis¬ 
ceral plcuras, and lung. There was always some degree of pulmonary damage, 
usually hemorrhugo into the pleural space, sometimes pneumothorax, and oc¬ 
casionally infection which subsequently led to empyema. 

In forty of the patients a single bullet caused the wound. Thirty of these 
were accompanied by a wound of exit from the ehest. In thirty-one tho wound 
was caused by a single metal fragment, from shrapnel or bomb, nnd six of 
these had a wound of exit. In nine patients two or more fragments punctured 
the chest, but none of these produced wounds of exit. In twenty instances the 
cause of the wound was not known. 

•Commander Medical Corp., United Stete. Nival Heeerve. 

tCiptsJn. Medlc.1 Corp., Unltod State. N.vnl Re»rve. 

Received for publication, Jan. 35, 1047. 
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. Sucking wounds had been sutured before the patients arrived. Thirty- 
eight wounds were known to have been sutured, but how often suturing was 
required for physiologic and bacterial reasons and how often for cosmetic 
reasons is not known. Only two of the sutured wounds broke down sufficiently 
to allow communication with the chest cavity. Both appeared to result from 
empyema, rather than to cause empyema. 

In all instances the period of shock had passed, and in nearly every in¬ 
stance the coughing of blood and of blood-stained sputum had ceased. A few 
patients were still distinctly dyspneic, but even in these, cyanosis was not 
conspicuous. 

The physical findings varied widely, but usually included a healed wound 
ot entrance, a healing wound of exit, the signs of fluid, and sometimes the 
signs of pneumothorax or consolidation. The roentgenologic examination of 
thirty-one of the chests shoAved the folloAving: thirteen patients Avitli free 
fluid only, the pulmonary collapse proportional to the amount of fluid; five 
patients Avitli fluid and intrapulmonary metallic fragment; tAvo patients Avith 
fluid and considerable air; one Avith fluid and atelectasis; one Avith fluid and 
consolidation; one Avith localized fluid only; one Avith “a slight pleural reac¬ 
tion”; one Avith a metallic fragment and a Avedge-shaped area probably repre¬ 
senting pulmonary hemorrhage; one Avith a single metallic fragment; and two 
Avith several metallic fragments, all Avithout other signs; one Avith atelectasis 
only; and one entirely negative. 

Roentgenologic examination of the chest Avas discontinued as a routine 
because x-ray usually failed to reveal important information not obtainable by 
physical examination. Its importance at a later stage is not denied. 

Thoracentesis, other therapy, and the passage of time, usually lessened 
physical and roentgenologic findings. 

Treatment Avas conservative. Good nursing care Avas stressed. Penicillin 
in doses of 20,000 units every four hours Avas usually continued for tAvo to 
three Aveeks from the time of Avounding, but this varied someAvhat depending 
upon hoAV “toxic” the patient Avas on admission. Sulfadiazine, either alone 
or in combination Avith penicillin, Avas used in some instances but for shorter 
periods than penicillin. Blood and plasma were restored as required. Oxygen 
Avas only occasionally necessary, though many of the men had required it in 
the first several days after being Avounded (Table III). 

Hemothorax and pneumothorax Avere reduced before admission in some 
coses but more commonly during the week after admission. At each aspiration 
of fluid one liter Avas AvithdraAvn if it could be obtained and if distress by 
cough or pain did not interfere. Actually, the average successful (10 c.c. or 
above) aspiration yielded 622 c.c. If fluid Avas present but could not be 
aspirated, further trials of aspiration Avere delayed for one or more Aveeks and 
Avere then frequently successful. Some fibrin collections that at first prevented 
aspiration appeared later to autolyze. Sixty-seA r en of the 100 patients had one 
or more successful chest aspirations, counting those performed before the 
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TAm.r. IT. Hospitalization at Base Hospital 


NO. PAYS | 

n iiii» 'ii ii i i ii ~Ti nr r" 

1* 5 

0 

o-io 

27 

11-15 

17* 

10-20 

28 

21-25 

10 

20-30 

9* 

31-35 

1 

30-10 

1* 

-41-45 

O' 

40-30 

1 

51-55 

21 

50-00 

It 

01-05 

1* 

Total no. patients 

100 


•One of these patients had empyema. 

tOne of theso patient* was held In hospital for observation for a prolonged period, 
solely for study. 


Tabu: III. TlIEKAT'WPriO-rilOmUJlUJI (oxyorn, Penicillin, SULFA THIAZOLt) Between 
Time of Wounding ani» Discharge From tiie Advanced Base Hospital 


NO. DAYS OP 
THERAPY 


penicillin 
(NO. PATIENTS) j 

SULFATIILAZOLE 
(OR SULFADIAZINE) 
(NO. TATtENTS) 

1- 2 

3- 5 

0-10 

11-15 

10-20 

21-25 

20-30 

31-35 

36-40 

41-45 

Therapy given but num¬ 
ber of days unknown 
No therapy given 

0 

o 

o 

0 

0 

0 

0 

0 

0 

12 

• 50 

0 

5 

31 

23 

23 

n 

a 

o 

0 

1 

0 

2 

18 

10 

19 

4 

5 

0 

0 

0 

0 

0 

0 

42 

Total data available 

80 

98 

93 

Ihita not available 

20 

o 

7 

Total number patients 

100 

100 

100 


Procedures (Tiioraoentehib, Transfusion, Plasma) Between 

Time of Wounding and Discharge From the Ai>>ANutu base hospitAii 


THORACENTESIS | BI-OOD THANH FUSION 1 

PLASMA UNIT 


i ( NO. PATIENTS) 

( NO. PATIENTS) | 

(NO. PATIENTS) 


33 

24 

10 


IS 

11 

20 


n 

10 

n 


0 

4 

2 


4 

5 

. 1 



1 

0 


0 

1 

n 


3 

0 

0 


30 

35 

50 

Data available 

97 

91 

91 • 1 


3 

9 

9 


100 


100 
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patients were admitted (Table 1Y). In one instance moderate secondary 
hemorrhage occurred after thoracentesis. In none did infection seem to result 
from thoracentesis. 

Much of the blood and plasma used was administered before the patients 
Avere received, but some patients required one or both after admission (Table 
IY). 

Metallic foreign bodies and bone splinters deep in the wounds, were not 
removed. Those near the surface had been removed in some cases before the 
patients were admitted, and in some cases were removed afterward. Fibrin 
collections were removed surgically in only one instance (a patient with 
empyema) at the time of rib resection and initiation of open drainage. None 
of the lungs were “decorticated.” 

Fever of considerable degree was recorded in many patients, who proved 
to have no empyema. We believe the fevers were usually the result of absorp¬ 
tion of protein breakdown products of the hemothoraces, even though there 
was no correlation between the extent, of the hemothorax and of the fever. In 
forty-five patients who developed no empyema the oral temperature was 
101° F. or above, seven days or more after the patients were wounded. In 
twenty-five of these the peak of fever, seven days or more after the patients 
were wounded, was 102° to 102.8° F. In twelve others the peak was 103° 
to 105° F. 

Sustained fevers above 103° F. strongly suggested the onset of empyema, 
and those patients required frequent diagnostic aspirations and culture of the 
fluid. When the fluid lost its thin appearance, contained shreds, had a foul 
odor, contained many pus cells in smear, and yielded bacteria on culture, there 
was no doubt that empyema had developed, and the patient was transferred 
to the surgical service for rib resection and drainage. .The five patients in this 
category had peaks of fevers of 102.5°, 103.0°, 103.0°, 103.8° and 105.0° F. 
respectively, and all had empyemas. Four of the five empyemas yielded pure 
culture of Staphylococcus albus or aureus. When fever was moderate and the 
patient was not toxic, a single positive culture was not considered diagnostic of 
empyema because several patients with positive culture in the absence of con¬ 
firmatory findings failed to develop empyema. Penicillin administered 
systemically appeared to have some bacteriostatic action in eases of suspected 
empyema that failed to materialize. On the other hand, once empyema was 
established, penicillin administered intramuscularly (20,000 units every fourth 
hom 1 ) and intrathoracically (100,000 units daily) had little effect. In one 
instance, intratkoracic penicillin appeared to lower the fever somewhat, hut 
the daily drainage of fluid may have contributed to the effect. 

Cardiac involvement was suspected clinically in seven cases. None of 
these patients required a pericardial tap and none evidenced pericardial sepsis. 
One of two who developed pericardial friction rubs had faint heart sounds and 
a cardiac silhouette by roentgen examination suggestive of fluid. Their 
electrocardiograms showed T-wave flattening or shallow inversion in various 
leads (Figs. 1 and 2). 
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Three patients, twelve to twenty-one clays after being wounded, developed 
proeordinl or substernnl pain with left shoulder radiation associated with 
dyspnea and signs of shock. Their tracings showed more marked abnormali¬ 
ties, consisting in two instances of biphnsie T-wavcs in Lead I and sharply in¬ 
verted T-waves in Lend 1Y-F (Figs. 3 and 4). The third patient had inverted 
T-waves in the limb lends with slight RS-T segment elevation in Lends II and 
III (Fig. 5, A). A tracing five days later showed deeper inversion in these 
latter lends with disappearance of the RS-T segment displacement (Fig. 5, B). 
We are unnhle to offer an explanation for the relatively late development of 
cardiac symptoms in these three eases. 

The remaining two patients had no cardiac symptoms or clinical signs 
hut the location of their wounds led us to suspect cardiac injury. The electro¬ 
cardiograms of one showed T-wavc inversions iu Leads I, II and IV-F which 
became move marked after five days (Fig. 6, A and B). The other patient 
lwd a deep Q-wuve in Lead I, amutier Q-wavex in Lends II and IY-F and T-wave 
abnormalities most marked in Lead I (Fig. 7). 

Electrocardiograms wore taken on fifteen patients with uo clinical evidence 
of cardiac or pericardial involvement. Nino hud left, and six had right bemo- 
. thoraces. Seven of the patients having left hemothornces had normal tracings 
and two had transient diminution of T-wnve amplitude. These latter had a 
mediastinal shift but so did three of the pationts whose electrocardiograms 
were normal. Of the six patients with right hemothorax, three had right axis 
deviation and one had a vertical axis. 

Thus electrocardiography consistently showed changes compatible with 
pericardinl or myocardial abnormality in the 7 por cent of our patients having 
clinical signs or symptoms referable to the heart. Associated hemothorax and 
mediastinal shift did not produce misleading electrocardiographic changes. 

The average duration of hospitalization of all of the hundred patients with 
chest wounds was nineteen dnys (see Table II). All but two of the patients 
appeared to improve. One of these two died. Idoxt of the patients improved 
conspicuously. Four of those with empyema were free of fever when 
evacuated. 

Evacuation was accomplished by air transport in most instances, but some 
was by hospital ship. Evacuation by ships not primarily designed for hospital 
work was avoided because patients with chest wounds might develop needs for 
surgery. Patients with pneumothorax were evacuated by hospital ship, and 
were not exposed to risk of expanding pneumothorax at increased altitudes. 

The one patient who died was wounded fifteen days before admission to 
the advanced base hospital. A bullet had entered the third interspace at the 
left sternal margin and emerged from the left anterior axilla and had produced 
. a ancking wound which had been sutured at an advanced field hospital. He 
denied hemoptysis. He was at first extremely dyspneic. One liter of bloody 
fluid was aspirated from the left chest. Eight days after he was wounded, 
x-ray examination showed almost complete collapse of the left lung, with a 
fluid level at the ninth-rib posteriorly. At that time tho temperature and 
pulse were only slightly elevated, and respirations wero not severely difficult. 




Fig. 1. Fig. 2. Fig. 3. Fig 

Electrocardiograms taken on patients having cardiac injury as a complication of their chest 

wounds. For description, see text 
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During the following ten days, in spite of penicillin therapy, he had one, then 
two, and finally four and one-half degrees of fever. Only one cubic centimeter 
of a cloudy fluid was recovered by thoracentesis. He was transferred to the 
surgical service. Thoracotomy was performed, and drainage was established. 
The toxic state failed to dimmish. Further exploration was unsuccessful. He 
died several days later. Autopsy showed a single, drained, left empyema 
cavity with no encapsulated pus, little or no expansion of the lung, some 
hemorrhage into the pleural cavity, and toxic hepatitis and splenitis. 

DISCUSSION 

Most patients with chest wounds resulting from this war have been 
handled in much the same way as were those in the present report. 1 Our cases 
are not presented because of originality. They are presented in order that 
one can understand what to expect of one phase of conservative therapy. Un¬ 
fortunately, there is no opportunity at the present time to follow our patients 
through to complete recovery. 

The treatment of chest wounds we have employed can best he called the 
conservative method. In all but the five instances in which the patients 
developed empyema, it was carried out on a medical service without benefit of 
surgery. In the case of the patients with empyema, usual rib resection and 
open drainage were performed by the surgeons. 

Considering the shocking nature of the wounds, the patients improved 
very satisfactorily, and most were on their way to complete recovery when dis¬ 
charged from the hospital. In some instances in which fibrin collections pre¬ 
vented aspiration and interfered with re-expansion of the lung, the fibrin later 
autolyzed and expansion was accomplished by successful aspiration. In some 
instances fibrin collections did not autolyze. Empyemas were remarkably ex¬ 
ceptional. 

Other less conservative methods of treating puncture wounds of the chest 
have been used. Much has been written during the war yeai’s of surgical inter¬ 
vention to remove fibrin collections. 2 nnd 3 Its adA r ocates suggest the third to 
tenth week as the optimum time for this, since some believe that irreversible 
encapsulation of incompletely expanded lung may result from fibrin collections 
within that time. Other surgeons, some of the British for example, believe 
major surgery should be utilized on the day of wounding, after the patient 
has recovered from shock. 4 They advocate exploration of the chest under 
closed anesthesia, suture of the bleeding vessels, evacuation of all blood and 
clot, rinsing of the pleural space with physiological saline, and maintenance of 
artificial pneumothorax. Most American surgeons insist that pneumothorax 
should be avoided, or reduced as promptly as possible. 

Good results have been obtained by these surgical methods when carried 
out by competent thoracic surgeons. We doubt that they afford lowered 
mortality or shortened morbidity. Their practicality, especially at advanced 
bases in average hands, is not proved, and statistics of end results are incom¬ 
plete. 
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Statistics concerning the relative validity of various methods of treating 
wounds of the chest could be obtained from the records of the medical corps of 
the sendees and from a follow-up of wounded to the time of recovery. This 
would holp immeasurably in choosing the best methods of treating chest 
wounds. 

SUMMMiY 

The conservative medical management of 100 patients with puncture wounds 
of the chest at an advanced naval base hospital has been outlined. All but two of 
the patients improved, and all but one lived. Five doveloped empyema and four 
responded well to surgical drainage. We hope this will stress the need for a 
statistical comparison of tho end results of treatment by conservative methods 
nnd by surgical intervention. 
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SODIUM TETRADECYL SULFATE, AZOCHLOEAMIDE, AND 
SULFANILAMIDE MIXTURE IN THE PREVENTION OF 
EMPYEMA FOLLOWING PNEUMONECTOMY 
WITH CONTAMINATION 

0. C. Brantigan, M.D., and H. L. Rigdon, M.D. 

Baltimore, Md. 

E NCOURAGING results ill attempts to sterilize tlie pleural cavity in pyogenic 
empyema with instillations of an antiseptic solution 3,10 led the authors to 
extend its use to the prevention of empyema following pneumonectomy. ■ 

Contamination of the pleural cavity during pneumonectomy in cases of 
lung abscess, bronchiectasis, or carcinoma complicated by lung abscess is a great 
hazard in thoracic surgery. The empyema which usually follows such contam¬ 
ination presents a serious problem in treatment. Patients afflicted with such 
a condition continue to drain for months, or death from sepsis and debilitation 
may occur. Following prolonged drainage of the pleural cavity, obliteration 
by thoracoplasty offers the best chance for recovery. Complete obliteration can 
only be accomplished by the multiple stages of a thoracoplasty. This is a costly, 
time-consuming, and sometimes hazardous procedure, especially for patients 
who already have been ill, perhaps for many months, and who have been sub¬ 
jected to pneumonectomy. 

The search for a solvent for digestion of sputum and empyema fluid in the 
concentration examination for tubercle bacilli 5 ’ 6 led to the use of detergents or 
wetting agents. Of the numerous detergents used in experiments, sodium tetra- 
deeyl sulfate was the most satisfactory. It had been known for many years that 
soaps enhanced the effect of bactericidal agents. The wetting agents which 
possess soap properties in a greatly intensified degree were then selected as a 
basis for further study in combination with antibacterial solutions. 

The properties of the wetting agents explain their effectiver •-> i- : this 
purpose. Because of the dual nature of the structure of their mo 1 :: 

agents have a tendency to locate themselves on an aqueous sit. ■, •: iiiU': :;: , 
thus forming a monomoleeular film. For this reason, the su.< :r:w w > !| ''na¬ 
tions coming in contact wdth the agent is reduced. Highly s;. :a > nc'fvj solu¬ 
tions can, therefore, penetrate into openings and cracks, cryp ■ - : recesses, 

which a conventional aqueous saline solution would simply hrid b o. Solutions 
of wetting agents can even wedge their way into the center of clumps of bac¬ 
teria, leucocytes, and debris. 

With these ideas in mind Petroff and Schaiiri experimented with the bac¬ 
tericidal properties of various antiseptics reinforced with different detergents. 
Of the mam* combinations of compounds used, azochloramide and sodium tetia- 
decyl sulfate solution were found to be the most effective. Animal experiments 

From Department of Surgery, School of Medicine, University of Maryland. 

Received for publication March 17, 1947. 


416 



RRANTIOAN AND RIODON: PREVENTION OP EMPYEMA AFTER PNEUMONECTOMY 417 

(is well ns clinical olisciTntions have shown tlint sodium tetradeeyl sulfate is 
well tolerated by mammals when administered orally, intravenously, or when 
injected into tho pleural cavity. 1 ' 2 

Following the experimental work of Pctroff and Scham, Palitz and Her¬ 
man' described tho treatment of tuberculous nnd mixed infeetion empyema with 
nxochlommide-sodium tetradeeyl sulfnte solution. Snccessfnl results were noted 
in S1.5 per cent of the eases without bronchoploural fistulas. In general, follow¬ 
ing the irrigations they reported that the fever was lowered nnd the fluid was 
thinned. Sinuses nnd abscesses were affected favorably. 

Brant igan nnd 0 wings* followed up this work nnd reported tho use of 
sodium tetradeeyl sulfate nnd nzochloramido in tho treatment of anute pyogenic 
empyema of tho pleural cavity. Two patients were treated nnd the results 
proved outstanding. 

In 1941, Net or" reported on the combined bacteriostatic activity of sulfa¬ 
nilamide nnd axochloramido upon Group A hemolytic streptococcus nnd entero¬ 
coccus, His experiments revealed tlmt snlfanilnmido (1,000 mg. por cent) used 
in combination with nstoehloramide (1:800,000) may prevent, completely the 
growth of enterococcus nnd exert greater liaetcriostntic activity than axo- 
ehlornmidc nlono, oven in n concentration twice ns great. 

Schmclkcs and Wyss" eorraliorated this work. Their experiments indicated 
Ihnt tho bactericidal effect of sulfanilamide in tho tost tulio can be enhanced 
greatly by small concentrations of nxochloramidc wltich are ineffective in them¬ 
selves. Similar concentrations of oxocldornmide will also restore the bactericidal 
effect of sulfanilamide in tho presence of pnm-nminobcnzoic acid (which neu- 
tmlixcs tho notion of snlfanilnmido), suggesting that the enhancement observed 
in the first plnco is attributable to the inactivation of snlfanilnmido inhibitors 
by tho nxochloramidc. 

Tho results of tho work of these men mdiento that the combination of sodium 
tetradeeyl sulfate, nsoehlurnmide, nnd sulfnnilnmido is a highly effective non¬ 
specific bactericidal agent. The authors have placed it in the ploural cavity 
at tho termination of all open chest operations sbico 1943. In uncontnminated 
thoracio operations it seems to have eliminated all empyema. Howover, there 
is no proof that infection would have occurred without its use. 1 - 1 Tho mixture 
scorns also to reduce pleural exudation, which, of coui-sc, reduces or eliminates 
tho necessity for postoperative pleural aspirations following open thoracic 
operations. 

Since adopting tho routine uso of the mixture in tho pleural cavity after 
open chest operations, four cases of gross contamination of tho pleural cavity 
occurred during pneumonectomy. The results in theso four cases wore so highly . 
satisfactory that they are being reported. 

OASE REPORTS 

Ca8c j _ w g nos (i irhllo man nged 32. In 1042 a carcinoma of tlio testicle mu 

removed A submucous nasal resection was performed in Hard., 1944. In October of tlie 
mmo veer ft diagnosis of dtsenso in the right lung vms made; malignant metastasis from the 
testido was suspected. Tlio disease in tho right lung beenmo more extensive, ond the patient, 
wenker. Tlie loft lung ims found to bo normal. Based upon tho possibility that malignancy 
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might not be the cause of his condition, operation was advised and accepted. By this time 
the presence of multiple lung abscess cavities was definite.- On May 2, 1945, under general 
endotracheal anesthesia, a right pneumonectomy was performed. During operation one lung 
abscess cavity was entered and foul-smelling pus was spilled into the pleural cavity. Sodium 
tetradecyl sulfate, 1:500 in azochloramide, 1:3,300 in 200 c.c. quantity and 5 Gm. of sulfa¬ 
nilamide were placed in the pleural cavity. The chest was closed without drainage. The 
patient’s course was uneventful and his temperature normal until the third postoperative day, 
when he began to have slight fever. Empyema of the right pleural cavity could not be diag¬ 
nosed until the eighth postoperative day. 

After the diagnosis of empyema, aspirations and instillation of the sodium tetradecyl 
sulfate, azochloramide and sulfanilamide mixture would eliminate his symptoms but would 
not cure the infection. A pure culture of Staphylococcus aureus hemolyticus persisted. Open 
drainage of the pleural cavity was done, followed by a multiple stage thoracoplasty approx¬ 
imately six months later. A satisfactory cure has resulted. There was no sign of malignancy 
in the lung that was removed. 

Comment .—From a study of the patient, it appeared evident that the single 
application of the antiseptic solution killed all bacteria except the Stajili. aureus 
hemolyticus, inhibited the growth of these bacteria for three days, and definitely 
retarded their growth for several more days. The solution failed to kill all the 
bacteria and true empyema developed. It seemed logical to believe that perhaps 
too little solution had been used. The antiseptic, of course, was diluted by blood 
and serum oozing into the pleural cavity and perhaps even changed in chemical 
consistency. It was decided that when the next gross contamination of the 
pleural cavity occurred with pneumonectomy a larger amount of the solution 
would be used, followed by aspiration of the pleural cavity and instillation of 
the sodium tetradecyl sulfate, azochloramide and sulfanilamide mixture each 
day after operation until three such treatments had been given. 

Case 2. —J. C. was a colored man, aged 43. In June, 1945, his chief complaint was 
pain in the left side of the chest accompanied by fever for a few’ days. A roentgenogram 
made at this time revealed a lesion in the region of the hilus of the left lung, with ill-defined 
cavities. Sputum studies failed to show tubercle bacilli. Bronchoscopic examination then con¬ 
firmed the impression of multiple lung abscesses. On admission to the hospital the patient 
was running a febrile course with daily elevations of temperature to 102° F. by mouth. Op¬ 
eration for pneumonectomy was advised and accepted by the patient. Therefore, on Nov. 11, 
1945, under general endotracheal anesthesia, a left pneumonectomy was'performed. During 
the operation the major bronchus of the left lung was accidentally opened, thus spilling foul¬ 
smelling pus into the pleural cavity. Prior to the closure of the chest without drainage approx¬ 
imately 500 c.c. of sodium tetradecyl sulfate, 1:500 in azochloramide, 1:3,300 with 5 Gm. of 
sulfanilamide was placed in the pleural cavity. On the first, second, and third postoperative 
days the chest was aspirated and instilled with the same mixture. The patient’s postoperative 
course was uneventful. His temperature was normal on the seventh postoperative day. The 
wound did not drain and the pleural cavity did not become infected. He was discharged 
Dec. 2, 1945, and has remained well. The pathologic diagnosis was multiple abscesses of the 
left lung. 

Case 3.—S. P. was a 46-year-old white man who was admitted to the hospital with 
diagnosis of abscess in the upper lobe of the left lung. The patient reported that his present 
illness began in December, 1945. Following admission to the hospital he ran a low-grade 
fever for three weeks. On his twenty-fifth hospital day he experienced an episode of sharp 
pain in the left side of the chest accompanied by increased temperature elevation, accelerate! 
pulse rate, and bloody sputum. A physical examination showed evidence of thrombophlebitis 
of the left femoral vein. Therefore, on Aug. 15, 1946, a ligation of the common iliac vein 
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on tlio loft side wns performed. It wns pofltnlated nt tills timo that the patient's lung abscess 
mar Iiavo been caused by a previous pulmonary infarct. It was decided to watch the patient 
further In tho hope that his lesion might spontaneously improve following obliteration of the 
sourco of tho emboli. Do was observed for a two-month period, during which time he peri¬ 
odically ran a low-grade fever nnd the chest lesion seemed to increase in size. 

Exploratory thoracotomy wns advised and accepted by the patient. On Oct. 8, 1940, 
under general endotracheal anesthesia, the left pleural cavity wns explored. An examination 
of tho upper lobe of the left lung revenled a lesion that Iras thooght to be a bronchogenic 
carcinoma complicated by a lung abscess. A lefr pneumonectomy was performed; however, 
daring tho course of the operation tire left pleural cavity was grossly contaminated by several 
cubic centimeters of foul-smelling pus which wns spilled when the abscess cavity la the lung 
wns entored inadvertentlv. Prior to closing the chest without drainage 500 c.c. of sodium 
tetradccyl sulfate, 1:500 in nsochlorandde, 1,-1,100 with 5 Gro. of sulfnnllamide was instilled 
into the pleural cavity. 

The patient's temperature, which had Iroen 101* F. several days prior to operation, 
wns 100" F. on his first postoperative day. Tho cheat wns aspirated at this time and 400 
c.c. of bloody fluid removed; 300 c.c. of sodium tetradecyl sulfate, nrochloramide, and sulfa¬ 
nilamide mixture were instilled into the left pleural cavity. On the second postoperative day 
his temperature ranched 102* F. nnd the wime procedure was repeated. On the third post¬ 
operative day his temperature rose to 101 • F. Thomeratcris wns repented and 350 c.e. of 
bloody fluid was aspirated; 300 c.c. of sodium tetradecyl sulfate, axoebloramlde and sulfa- 
nilamido was placed in tho pleural rnviry. On the fourth postoperative day the patient's 
temperature returned to normal, whore it remained for the duration of his stay in the hospi¬ 
tal Tho wound did not become infected, nor did infection of the pleural cavity occur. The 
patient was discharged on his twenty-fifth postoperative day. The pathologic diagnosis was 
bronchiogenic carcinoma with bronchiectasis nnd absccns formation. 


Case 4 — J M. was n 35 -year-old white man who was admitted to the hospital with a 
diagnosis of bronchiectasis of tho left lung. Hi, past history was significant because in 1918 
he had bilateral pneumonia followed by empyema of the left pleural cavity. An operation 
for open drainage was performed; the patient recovered and was asymptomatic until 1932, 
when he had hemoptysis. He continued to rough blood occasionally and in the last few years 
prior to admission hemoptysis hml become more frequent Bronchography revealed an ex- 
tensive cystic typo of bronchiectasis throughout the left eng from the apex to the base. 
The right lung was normal. The heart was markedly retracted to the left side. 

On Oet 18 1940 under endotracheal anesthesia, a pneumonectomy of the left lung 
was performed During the operation, which was accomplishsd with great difficulty, It was 
In the chest that a bronchiectatlc abscess cavity had been entered, 
srident from the “ 1 ‘“the lung after completion of the operation. Prior to 

This was eonflrmed by ™aUon of t o J ^ ^ 1 :B00 in axe- 

closure of the ch«t without tobmg placed the plenJal cavlty . On 

chloramide, ^ 5 q{ bloody flnld were eepimted and 200 c.c. of sodium tetradecyl 

ho following ay • 1 .3 ^gg with eolfnnilnmide were inserted into the pleunil 

o “ra t IS'£*« c.c. of bloody fluid were aspirated and 200 ex. of 
cavity. On the secon p ’’ C ]]1 | d(1 solution with sulfanilamide were instilled. On tho 

tlio sodium tetradecyl Durl ng tills period the patient ran a low-grade 

third day the some trea ^ mp JL to 101* F. by mouth. On the flfteenth 

febrile course with• jerosnnguineous fluid were ngslu aspirated. No instlllntion nos 

postoperative day 400 WO und infection or empyema and woe discharged from the 

h^ JlThe e ^ a fifth postoperative day. The pathologic diagnosis was bronchiectasis of 

the left long. 

f—All tile patients, oxcept in Caso 1, received 30,000 units of 
peniciZ”hy intramuscular injection every three hours. However, penicillin 
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was not placed in the pleural cavity at the time of operation, nor was it instilled 
later into the pleural cavity in any of the four eases reported. 

One important aspect is obviously deficient in this report. Cultures of the 
pleural cavity were not obtained at the time of operation. Nevertheless, in each 
case several cubic centimeters of pus were spilled into the pleural cavity. Sub¬ 
sequent cultures of the aspirated pleural fluid were absent when the charts were 
reviewed.. The few culture reports available have been omitted purposely be¬ 
cause they are incomplete and have a tendency to strengthen the beneficial effects 
noted clinically. 

This report seems justified since the method of treatment has succeeded in 
preventing empyema in three consecutive patients where gross contamination 
of the pleural cavity occurred during pneumonectomy. These patients have 
been followed since their discharge from the hospital and all have remained well. 

In Case 1 the solution would not cure an established empyema caused by 
hemolytic Staph, aureus. However, it is important to point out that a pleural 
space that cannot be obliterated, as one finds after pneumonectomy,, presents 
aii entirely different problem from empyema where there is a lung that can 
expand enough to finally obliterate the pleural space. Where a lung is present 
to obliterate the pleural space, even though a feiv bacteria survive the-antiseptic 
they will be trapped and killed off by the body defenses. In an endeavor to 
sterilize chronic empyema cavities where obliteration of the pleural space could 
not be accomplished, the solution usually will quickly eliminate all bacteria 
except hemolytic Staph, aureus or albus. It will keep these inactive so long 
as the solution is changed at intervals of forty-eight hours. 

In the three cases presented the treatment is directed at killing the con¬ 
taminating bacteria before infection or empyema can become established. It 
seems logical that an attack upon any bacteria at this stage wmuld be more likely 
to eliminate them than an attack'made after they had successfully invaded the 
tissues. Of course, it is possible that hemolytic Staph, aureus or albus was not 
present in the pus contaminating the pleural cavity of the cases reported. 

Since sulfanilamide is poorly soluble, it is impossible to determine how much 
of the drug enters the pleural cavity upon the instillation with syringe and 
needle. Usually 5 6m. of sulfanilamide was placed in 500 c.c. of the solution 
of sodium tetradeeyl sulfate 1:500 and azoehloramids 1:3,300. The mixture is 
agitated and then drawn into the syringe and instilled; thus, only an indefinite 
amount is actually deposited in the pleural cavity. However, -with the chest 
open at the operating table, the sulfanilamide is readily deposited as desired. 
The mixture should be prepared fresh prior to usage, since azocldoramide js 
an unstable preparation. In aqueous solution this compound decomposes and 
gives up its chlorine; it therefore decreases in potency when left exposed to air 
and light. The mixture should be used at approximately body temperature. 
The sudden introduction of this solution into the pleural cavity may bring about 
temporary respiratory arrest in the anesthetized patient. The period of apnea 
is of short duration, but it is well for the anesthetist to realize that a period o 
apnea may occur. 
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CONCLUSIONS 

Sodium tctradccyl sulfate, 1:500 in azochloramide, 1:3,000 with sulfanil¬ 
amide is an efficient nonspecific bactericidal agent. 

When the mixture was properly applied to the pleural cavity after pneu¬ 
monectomy, it prevented empyema in throe consecutive eases where grass con¬ 
tamination occurred during pnoumonectomy. 
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PULMONARY TUBERCULOSIS ASSOCIATED WITH ANOMALOUS 
COMMON LEFT PULMONARY VEIN ENTERING 
THE LEFT INNOMINATE VEIN. 


James S. Conant, M.D., and Leonard T. Ktjrland, M.D * 
Glenn Dale, Md. 


T HE perfection of technique for resection of the lung and its segments has 
called particular attention to the structural relationship about the roots 
of the lungs. This increased interest has been responsible for the introduction 
into the surgical literature in recent years, of various anomalies of the pul¬ 
monary circulation which have been encountered at operation and in the 
autopsy room. 

Zuckerkandl, 1 in 1881, called attention to normal communications between 
the systemic and pulmonary circuits, and Brown 2 developed the present em- 
bryologic conceptions that explain the presence of wide variations from the 
normal in the termination of the pulmonary veins. Harris and Lewis 3 mention 
Brown’s study of the development of the two vein systems from an undiffer¬ 
entiated celomic plexus, and state that in the adult, anomalies of the pulmonary 
veins will he of two types: in the upper chest there will be communications 
between the pulmonary veins and tributaries of the superior vena cava; and 
in the lower chest there will be those between the pulmonary veins and the 
hepatic portion of the inferior vena cava. The persistence of these embryologic 
communications is due, they believe, to inadequate development of the proximal 
portion of the cephalic tap (which later becomes the common pulmonary vein) 
resulting in the maintenance of the distal communications with the anterioi 
or posterior .cardinal vein or the caudal tap, the latter the precursor of the 
portal vein. 

Maude Abbott 4 mentions the occurrence of anomalous pulmonary veins 
associated with cardiac defects and cites one case with a left pulmonary vein 
entering the left subclavian and the right pulmonary vein entering the porta 
vein. She states that vide variation from the normal may be associated wit i 
few symptoms. Brody 3 was able to collect 100 cases from the literatuie an 
added two of his own in which abnormal pulmonary veins were recorded. Man> 
of them were associated with heart defects. He stated that, if 50 pel cent o 
the pulmonary blood reached the left side of the heart, an adequate oxygen 
level Avould be sustained. Of fifteen such cases, he notes one, which was lepoite 
by Dean and Fox, 6 of a person who lived 86 years. This man had a common 
left pulmonary vein entering the left innominate vein. Compere and 
believe that if 75 per cent of the pulmonary blood reaches the left side o ie 
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heart, there will be no recognizable cardiorespiratory symptoms. Their ease 
of an anomalous right upper lobe vein'which entered the superior vena cava 
showed no circulator}’ difficulty during a fifteen-year period of observation for 
central nervous system syphilis. 

This report concerns an anomalous common left pulmonary vein entering 
tho left innominate in a patient with pulmonnry tuberculosis under observation 
for over three yeara. 



Fig. i. 


CASE REPORT 

J. C., aged 37, was a Nogro mole, unskilled laborer. Bilateral pulmonary tuberculosis 
was discovered Nov. 27, 1912, when the patient was examined by x-ray prior to a hemor¬ 
rhoidectomy at Froodmens 1 Hospital, Washington, D. C. (Fig. 1). The x-ray film shon-od 
fine nodnlar infiltration extending outvrsrd from the root into the middle third of the right 
long field. The loft lung showed scattered nodular infiltration above the third rib, anteriorly, 
with a 3 cm. cavity at the apex. 

The lesion on the right side gradually improved but the left npicnl cavity increased 
in sixe until It extended down to the second rib, anteriorly. Left pneumothorax was induced 
in May 1M4 This was complicated by extensive, inoperable, apical adhesions and the 
pnonmothorax was abandoned. In Jannary, 1913, the left apical cavity baa increased to 
5 x 10 in sire, and the lesion in tho right lung had nearly completely resolved. Tn January, 
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194C, the left apical cavity occupied the entire apical region above the third rib, and the 
left lung began to show reactivation between- the Becond and fifth ribs. During this period 
the man was a patient on the tuberculosis service of Freed mens’ Hospital, but in March, 
1946, it was necessary to discharge liim as a disciplinary problem. He worked as a boot¬ 
black for about a month and then sought hospitalization when acute symptoms developed. 
In reviewing the case, Freedmens’ Hospital noted no ^respiratory embarrassment during the 
entire stay at that institution. 



Fig. 2. 

On admission to Glenn Dale Sanatorium May 3, 1946, the patient was critically ill> 
febrile, toxic, and dyspneic. The blood pressure was 136/8S. There was no clubbing of the 
fingers and no evidence of cardiac disease (Fig. 2). The x-ray showed soft, mottled in¬ 
filtration above the third rib, anteriorly, on the right, with the presence of several small 
cavities. The left lung contained a giant cavity above the third rib, anteriorly, with fine 
scattered infiltration to the base. His condition did not improve on bed rest, he developed 
a right pleural effusion, and died July 17, 1946. 

Autopsy was' performed July 20, 1946. The right lung was found densely adherent 
to the chest wall except at the base, where there was a pocket of clear pleural fluid about one 
liter in amount. Injection and tubercle formation were present over both visceral and 
parietal pleurae in this region. On section the lung showed marked consolidation through¬ 
out with several small cavities in the upper lobe. t 
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The left lung was densely adherent to tho cheat wall and. showed a ID cm, apical cavity 
in the upper IoIk? and much caseation throughout tho remainder of tho lung parenchyma. 

The heart was slightly enlarged, phoning modornlo dilatation of tho right aide and 
mattered small areas of atheromatous change in the aorln. There wore no defects in tho 
iatoraurictihir or intorvenfrfeufnr *cp(n. The left nmhdc received only ouo pulmonary vein, 
that from tho right side, which divided ns it thiough the pericardium. The Hreula- 

(ion of the right lung wns normal. FWthcr c\p?oiuiinn of the pulmonary circulation ahowvd 
a common left piilnumnry vein emptying into tin* left •imutninnte tuvl picking up a tnlm- 



Fie. 3. 

W Iron, wluvt n,,peered to bo tbo left henrinaygoua lOT f "l t, ‘° ^0^ 

brtery {l'\g. 3). ireept for it, origin in tire interlobular figure iu tbo wd«a ^leo, of 
tbo lower lobe, the nnonmlon. vein wo. entirely »uperflci<d, running anterior to the pulmonary 
brtery, then proceeding along tbo medlnetinom to iu termlnnhon. Tbo vein to tbo upper 
lobe w, exceedingly riiort One interlobar vein M t<xud- 

Extrapleural dUjootlon waa required to crpow tbo left long ° 

that communication, with other vein, of tho chert wall mny have been doatroyed in the proceert 

COMMENT 

It would appear that by itself recirculation o£ aerated Wood from one lung 
into another, by a shunt involving half tho pulmonary lied, stiU provides an 
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adequate pulmonary reserve. In the ease reported, the arterial hlood received 
all its oxygen from the right lung. The addition of pulmonary disease to the 
picture suggests in this instance that the integrity of the right lung was more 
important than the left. Obstruction to the flow of hlood through the right lung, 
which was directly concerned with maintaining the oxygenation of the systemic 
circuit, had a more serious effect than involvement of the left lung. Up to the 
time the patient suffered his terminal episode, the tuberculosis >vas more exten¬ 
sive on the left side. When spread to the right lung occurred and was asso¬ 
ciated "with a right-sided effusion, the supply of oxygen and hlood to the systemic 
circuit then became limited. 

The surgical implications of this anomaly are apparent. Because of. the 
density of the mediastinal adherence about tire left root, superficially, this 
anomaly had the appearance of the left superior vena cava reported by Lam. 8 
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ANOMALY OP AORTA SIMULATING MEDIASTINAL TUMOR 

David B. Corcoran, M.D., and Frank I’nn.rr Couqian, M.D. 

Kicmho\ i>, V 

S OLITARY tumors of tho mediastinum t.ix the diagnostic acumen of the 
clinical surgeon. Symptoms referable to the tumor may be either absent 
or of little importance. A careful history and physical examination usually 
fails to disclose the presence of a Lunor in the mediastinum. 

Roentgenologic examination is our most important method of diagnosis. 
It frequently directs attention to unsuspected mediastinal pathology. In addi¬ 
tion, it offers valuable information pertaining to the type of tumor by localizing 
the mass, by revealing its relationship to adjacent structures, by depicting its 
configuration, and by establishing the presence or absenco of pulsation. Diag¬ 
nostic roentgen therapy also plaj s a role in the differential diagnosis in certain 
instances, by determining radiosensitivity. 

All too frequently the preoperative studies fail to establish with any degree 
of accuracy the typo of tumor present. In a group of 114 patients operated 
upon for mediastinal tumors at a number of Army Thoracic Surgery Centem 
during the last war, 1 flvo were found to have unsuspected aneurysms, and in 
five cases benign inflammatory lesions were encountered. One of us, P. P. C.,< 
in an unpublished scries of nineteen mediastinal tumors which were operate^ 
upon, was able to determine the cellular nature of the pathology preoperatively, 
in eleven eases. In seven cases tho preoperative prediction of the cell type was 
erroneous, and an aneurysm was encountered in ono patient. Vfc are reporting, 
a case of unusual interest in which a unique anomaly of the aorta Was found 
which simulated a mediastinal tumor. •••q ..- . .. . . 


CASE REPORT ^ ■; 

„ ,, , Emitted to the Voterens’Administration Hospital, 

The patient, a 6S-year-old nmlc, was ‘Emitted ^tae^ __^ Md 

Richmond, Vn., on April 1, 1040, with a histoiy ^ toM that he had 

pains In tho chest. There had been some slight weight loss. 

heart disease and had been advised to Ilmlt hi ”V sta “ re -n^ wus generalized artorio- 
Physical examination revealed a was pre*nt.. The blood pressure 

KlerosiB of the medium-nixed vowels. on ^ mercarv diastolic. Fundoseopy revealed 

was 172 mm. of mercury aystoUc and 1 ’ rkscular markings on the temporal 

some blurring of tho disk marg ns an normal. The electrocardiogram' demon* 

ride of the disk ob the left. Bight f^d^apy^ norma 

•trated left axis deviation. Beutino la ra nonna l long fields, no enlargement 

Roentgenographic examination o r ^i^inum extending from the level of tho 

of tlie heart, and a dense mass m t e p bulged into the loft Uomithorax. An over- 

seventh rib to the tenth rib. Its c ° nT ” . pm nlmslxed the density of the “tumor mans 1 ' 
exposed posterior-anterior view of t e c 1 

Received for publication Jan. 29. Medlca i Director. Department of Medicine and 
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'• Jv !-)• A lateral view of tlie chest showed an ill-defined tumor with its convexity posterior 
(Fig. 2, A). Fluoroscopic examination and a roentgenogram of the barium-filled esophagus 
showed the distal one-third of this organ displaced anteriorly and to the left (Fig. 2, B). 
There was no erosion of the vertebral bodies. There was some question of pulsation of the 



Fig. 1.—Overexposed posterior-anterior view of chest showing "tumor mass" extending from the 
level of the seventh rib to the tenth rib posteriorly. 


mass during fluoroscopy, but kymographic studies were not available to confirm tliis observa¬ 
tion. A study of the upper gastrointestinal tract with barium revealed a slight filling defect 
of the duodenal bulb. The cholecystogram was negative. 

The differential diagnosis was limited to a consideration of an aortic aneurysm and a 
soft-tissue mediustinal tumor. The anatomic location and the questionable pulsation favored 
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tho former, although racular aneurysms of this portion of tbo aorta are seen infrequently. 
Tho absence of erosion of tho vortcbml bodies and tho presence of an ill-dcflnod mans with 
a posterior convexity extending into the costovertebral gutter (Fig. 2, .4) mado it necessary 
to consider mediastinal tumor. 

On May 0, 1040, under endotrachoal other anesthesia, the loft pleural cavity was opened 
through tho poriostenl bed of tho resected eighth rib. Tho “tumor mass'' was encountered 
adjacent to tho anglo of the resected rib. Farther exploratioa rovealod tho mass to bo nn 
anomalous aorta. . At tho level of tho seventh thomeJe vertebra the arotn deflected sharply 
to tho left and took a horseshoe coarse l>cforo returning to tho midline to pass through the 
aortic hiatus in tho diaphragm (Fig. 3). Tho modinBtinal pleura was opened in order to 
visuttliro tho aorta to bottor advantage. Tliero was marked arteriosclerosis nf tills vessel, but 
.(here was no increnso in its circumference. The tortuosity which was moi»t evident in the 
lateral plane was also present in the anterior-posterior diameter, thus accounting for the 
anterior displacement of tho esophagus (Fig. 2. B). Tho left lung was normal. 



tunwr^sT^ainM'onflbSf 1 ^ffl°u r m-flUM^ph- 

njfus by tumor mas*. 

Tie patient's postoperative coarse was unevantfnl. On the twenty-thlrd postoperative 
day he vomited approximately 300 c.c. o( Wood. This was attributed to the presonee of a 
duodenal nicer. At the time of his discharge from U,o hMpital he wn, irnymptomatia, h 

roentgenologic studios showed a persistent doadoaal deformity. Three months following 1,1, 
discharge he had no complaints referable to either bis gastrointertmal tract or thorax. 


DISCUSSION 

Tortuosity of the descending thoracic aorta producing deformity of the 
roentgen picture generally is boUoved to be produced by elongation of the adult 
aorta between its points of fixation at the heart and diaphragm. This picture » 
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usually found in elderly individuals with- hypertension and arteriosclerosis, 
although Khoo 2 has reported a case in a 12-year-old hoy noth a blood pressure 
of 110 mm. of mercury systolic and 60 mm. of mercury diastolic. 

Rosier and White 3 have shown that tortuosity of the thoracic aorta pro¬ 
duces defonnity of the esophagus in the anterior-posterior plane, as did the 
case reported here. These authors give a particularly good description of the 
roentgenologic findings in cases with distorted thoracic aortae. 



Fig. 3.—Reproduction of anomaly of aorta as seen at operation. 

It seems unlikely that elongation in adult life sufficient to produce the extreme 
tortuosity found in this case could occur in the relatively short segment of 
aorta lying between the heart and the diaphragm. Assuming that this tortuosity 
was produced after the position of the heart and diaphragm had become fixed, 
it would necessitate almost a doubling of the length of the thoracic aorta. A 
congenital origin would seem more plausible. In early embryonic life the heart 
lies on the ventral aspect of the phaiynx. During the later development of the 
neck, there is a gradual caudal migration of the heart into the thorax, which 
produces alterations in the ventral aorta and in the primitive aortic arches. On 
the right side, the fourth arch descends to the root of the neck, while on the 
left it is drawn within the thorax. It seems possible that alterations in this 
mechanism could produce tortuosity of any degree in the descending aorta. This 
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would also oxplain the presence of tortuosity unnceompanied by either, hyper¬ 
tension or arteriosclerosis in tho case reported by IClioo.* 

A second possible origin of the anomaly horoin reported may be found in a 
study of the fusion of the paired dorsal aortae during early embryonic life. 
Congdon 4 has shown there is no duplication of the ventral aorta in man, but 
it is generally agreed that paired dorsal aortae exist. In embryos of about 3 
mm. possessing twenty somites, there are two aortic arches and the dorsal aortae 
are beginning to fuse into n single descending aorta. Tibs fusion takes place 
by the formation of medial communicating vessels between tho two main trunks. 
Theso communications gradually coalesce, forming a singlo tube. If, during tins 
process, a segment of the right or left aorta were obliterated between two com¬ 
municating blanches, the result would bo a horseshoe-shaped enrvo similar to the 
ono encountered in this case. 

SUMMARY 

A case of an anomaly of tho thoracic aorta simulating mediastinal tumor 
has been reported. Two possible embryologic origins for this condition have 
been suggested. 
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NERVE-BLOCKING THERAPY FOR FRACTURED RIBS 

D. J. Richardson, M.D., and E. M. Papper, M.D. 

New York, N. Y. 

T HE application of regional nerve blocking to the therapy of disease or in¬ 
jury has most often been made with the primary purpose of controlling the 
associated pain. This was the object in utilising paravertebral injections of 
analgesic solutions to the segmental nerves of fractured ribs as set forth in a 
preliminary report from this clinic. 1 A limited experience with thirteen patients 
at that time indicated that such a procedure was definitely useful in controlling 
pain. It was suggested also that the therapeutic value of such nerve blocking 
was considerable. Further experiences with 217 patients have served to sub¬ 
stantiate the original contention that paravertebral injections of analgesic solu¬ 
tions are indicated to eliminate the pain of fractured ribs and are definitely use¬ 
ful to prevent more serious complications and reduce mortality. 

Uncomplicated fractured x-ibs have little indication for neiwe-block therapy 
other than to relieve pain. The patients are usually ambulatory and have simple 
therapeutic measures applied, such as adhesive strapping to maintain proper 
alignment of bone fragments and diminish movements of the involved chest wall. 
The associated pain is the most annoying complication during healing of the 
fracture. Such pain cannot be completely conti-olled by curtailing motion with 
strapping. Frequently the pain is not felt with respiratory moveinent only but 
is persistent or of the type often referred to as callus pain. Infrequently an 
intercostal neuralgia may accompany rib fracture. Regardless of the type of 
pain, its relief wins the patient's appreciation and makes it possible to apply 
desirable fixation of broken fragments without great annoyance. Complete pain 
relief can be obtained for the great majority of these patients by paravertebral 
nerve blocking, and the procedure can be depended upon to decrease pain regu¬ 
larly. This report does not substantiate this latter statement with results from 
extensive clinical experience. It has not been possible to follow accurately the 
outpatient group treated and the series is not large. However, the results with 
hospitalized patients with complicated rib fractures indicate that nerve block¬ 
ing is desirable therapy for the pain of uncomplicated rib fractures. 

The unfavorable sequence of chest pain, voluntary splinting of the thoracic 
wall, suppression of cough, and depression of pulmonary ventilation attendant 
upon the use of opiates in doses adequate for the lalief of pain may predispose 
to the development of atelectasis, pneumonia, and even death, paidicularly in 
cases with extensive injury. According to Berry: 2 “It is generally recognized 
that contusions of the chest wall may cause a localized atelectasis of the under¬ 
lying lung with bronchitis or pneumonia, or may activate a quiescent tubercu¬ 
losis.’’ He states further, “that the best prevention against atelectasis and pneu¬ 
monia is sufficient sedation to allay pain on respiration and thus prevent too 
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much splinting of the injured chest, but yot not enough to depress respiration.” 
There can be little disagreement with the thesis proposed, but it is extremely 
difficult to maintain the precision balance between sedation which will just re¬ 
lievo pain and the depression of respiration and cough reflex which all too 
frequently ensuo. 

It cannot be denied that the effects of opiate administration are not associ¬ 
ated with increased pulmonary vontilntion but rather the reverse. 3 On the 
other hand, Harmon, Baker, and Komegay* showed a marked increase in the 
vital capacity following procaine infiltration into the fracture sites, a phenome¬ 
non ussocinted with the obtundation of pain. 

In actual practice, .the crux of the therapeutic problem involved in the pain 
of fractured ribs is annlgesia which promotes tracheobronchial drainage and 
normal or increased pulmonary ventilation. Interruption of the p ainf ul 
stimuli by norvo block provides therapy for pain which, unlike the opiates or 
immobilization, assists in the restoration of normal function in the respiratory 
tract. Infiltration of the intercostal nerves with one of the local anesthetic agents 
enables the patient to cough freely without pain, permits the abandonment of vol¬ 
untary splinting of respiratory movements and possibly releases the bronchial 
and bronchiolnr spasm associated with the chest, wall injury. 3 The need for rigid 
immobilization with plaster or adhesive strapping is eliminated. A fairly loose, 
dressing which docs not impede breathing may be useful for fixation in those 
cases where multipio anterior and posterior fractures have produced a "flail” 
chest with paradoxical motion.* Howevor, it must be emphasized that regional 
analgesia for fractured ribs does not avoid the necessity of surgical intervention 
in those patients with severe intrapleural and thoracic visceral injury. It must 
be considered as a valuable adjunct in tiiose instances. In patients upon whom 
operative interference is unnecessary, nerve block may lie considered the primary 
therapeutic implement. 

Intercostal nerve block has been recommended in the treatment of fractured 
ribs. Grieco 7 described a group of patients treated by alcohol injections of the 
intercostal nerves who had quick relief of pain and for whom the period of dis¬ 
ability was greatly shortened. Physiologic section of nn intercostal nerve with 
procaine solution is not a difficult procedure if comparatively large amounts of 
solutions are used, since the infiltration of tissues covers a wide area. It is con¬ 
siderably more difficult to inject alcohol in dose contact with an intereostal 
nerve and, with the small amounts that should be used, denervation may bo in¬ 
effective except at or very close to the point of injection. If large amounts of 
alcohol arc employed, tissuo destruction may be extensive and a complicating 
neuritis will be more frequent. Moreover, the injection of a single intercostal 
nerve does not always afford complote relief, since the innervation of the rib 
by accessory filaments from contiguous nerves is not interrupted. Paravertebral 
injections are to be preferred and it is recommended that in addition to the 
nerve corresponding to the fractured bone tho next above and below be injected. 
The technique allows convenient treatment of all fractured ribs that are not com¬ 
plicated by injury to the vertebra or superficial injury at the site of skin 
puncture. 
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The technique for paravertebral injection of thoracic segmental nerves is 
essentially that of Labat 8 and has been described in detail in the original report 
by Rovenstine and Byrd. 1 The technique for injecting by the intercostal route 
is a simple one. It is performed by raising a skin wheal along the midaxillary 
line in the intercostal space below the rib involved. Through this wheal a 5 cm. 
needle unattached to the syringe is introduced and passed under the lower border 
of the rib in the direction of the intercostal nerve, and injection is completed 
with 3 to 5 c.c. of solution. Care must be taken to test for entrance into the 
pleural cavity by placing a drop of the solution over the opening in the needle. 
If the drop is sucked in, the pleural cavity has been entered and the needle must 
be withdrawn and re-inserted. Meticulous aspiration is mandatoiy to avoid 
intravascular injection. It is necessary in both methods to block the nerves im¬ 
mediately above and below the injured ribs to secure adequate anesthesia in the 
fracture site. 

Infiltration directly at the site of fracture has been used to some extent but 
it has several disadvantages. The skin area immediately over the fracture may 
be contused and unfavorable for the introduction of a needle. Only small 
amounts of solution can be injected to bathe the involved nerve. The relief of 
pain with both local infiltration and nerve block by the intercostal route is less 
complete than following a paravertebral block. 

The dangers consequent to the procedures discussed have been pointed out 
frequently and are attendant upon the possibility of entering the lung, the 
pleural cavity, a blood vessel, or the subarachnoid space. These accidents are 
uncommon, are easily recognized, and, therefore, should not produce serious 
complications. Careful aspiration will obviate injection into the lung tissue or a 
blood vessel because in both instances blood will be drawn back into the syringe. 
In addition the injection of procaine into the lung often causes coughing and 
regularly a metallic taste is noted by the patient. A further precautionary 
measure is slow injection at the start and, if coughing is induced, immediate ces¬ 
sation and reinsertion of the needle. In paravertebral blocks there is the pos¬ 
sibility of injecting into the subarachnoid space either because of an abnormal 
prolongation of the dura along the nerve beyond the intervertebral foramen 
or by the introduction of the needle through the intervertebral foramen itself. 
In either case careful aspiration will demonstrate the presence of cerebrospinal 
fluid and reinsertion of the needle is indicated. 

This report is based upon detailed examination of the results obtained in 
217 patients with fractured ribs treated with nerve block at Bellevue Hospital 
over a period of seven years. This number does not represent the total numbei 
of fractured rib cases seen here during this period, but includes only those in 
whom pain was an important consideration. Some were recent fractures, others 
old with persistent pain. Many were complicated with other injuries and almost 
all had more than one rib involved. One hundred and ninety-nine patients were 
treated with paravertebral somatic blocks, ten with intercostal blocks and eig it 
rtere given both (Table I). 

! Only one injection was required in more than 75 per cent of the cases to o ) 
tain relief of pain. This figure agrees well with the results of Harmon an as 
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sociatcs 4 who report 25 per cent of their uncomplicated fractures required a 
second block. In tho gronp receiving paravertebral blocks, 158 were blocked 
but once, thirty-six were blocked twice, four three times, and one required four 
injections. Of the patients receiving intercostal blocks, eight required but one 
block and two were repeated the second time. All the patients in whom both 
paravertebral and intercostal blocks were done required more than ono injection. 
In all, a total of 280 blocks were completed (Table I). 


Table I 


TECHNIQUE 

1 PARAVERTEDUAL 1 
! SOMATIC | 

INTERCOSTAL | 

COMBINED 

( TOTAL 

Cn*e Incidence 

109—01.7% 

I0—I.fl% 

8—3.7% 

217 

Frequency of Block 

One 

358—70.4% 

8—80% 

0 


More than one 

41—20.0% 

2—20% 

8—100% 


Number of Blocks 

240—87.8% 

12—1.3%, 

22—7.9% 

280 

Anesthetic Solutions 

Procaine 

M —32.2% 

4—40% 

1—12.0% 

09—31.8% 

Procaine and alcohol 

110—39.8% 

4—40% 

2-25% 

] 25—57.0% 

Others 

10—8.0% 

2—20% 

5—0215% 

is—] 0.0% 


A variety of solutions were used in the procedure. The most common was 
procaine (1 to 2 per cent), which in about two-thirds of tho cases was followed 
by the injection of 1 to 2 c.c. of absolute alcohol (Table I). The other solu¬ 
tions used were procaine and ammonium chloride, intraoaine, monocnine, and 
several experimental drugs. The results varied little. "Wlien procaine and alco¬ 
hol was used, there was a slightly longer period of relief from pain than when 
procaine alone was injected. A single case of alcoholic neuropathy was noted, 
and thcro was one instance of painful regeneration of a nerve three months after 
alcohol block. 

Fourteen of the patients had a single rib fractured. The preponderant 
majority (93.5 per cent) had from two to nine ribs involved and a third of the 
total number hod other complications. Some of these were fractures of other 
bones, pneumonia, atelectasis, subcutaneous emphysema, hemothorax, pneumo¬ 
thorax, pleural effusion, and trauma of the abdominal viscera (Table II). 

Table II 


COMPLIC ATIONS PRESENT 

Other Fracture* 

Pneumothorax 

Pneumonia 

Subcutaneous Emphysema 
Ateleetaais 
Pleural Effusion 
Lacerated Lung 
Kidney Trauma 
Chronic Bronchitis 
Tuberculosis 
Hemoptysis 
Hoad Injuries 
Laceration of Liver 
Ruptured Spleen__ 


NO. PATIENTS 


28 

8 

10 

12 

S' 

3 


3 

3 

10 

1 

1 
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The results in this series were graded as (A) good, providing marked pain 
relief and permitting the patient to cough freely; (B) moderate, pain relief 
incomplete but of appreciated value; and (C) poor, no relief obtained. A final 
classification of “questionable” embraces those eases in which there was a 
language barrier, an uncooperative patient, or insufficient data recorded. Eighty 
and six-tenths per cent were classed as good results, 11.9 per cent as moderate, 
2.3 per cent as poor and 4.6 per cent as questionable (Table III). 

Table in 



| DEATHS j 



RELATED TO RIB 


MORTALITY 


FRACTURES 

OTHER CAUSES 

RATE 


Uncomplicated Cases 

Good 

Moderate 

Poor 

Questionable 

142 

83.1% 

11.3% 

0.7% 

4.9% 

- 

Complicated Cases 

75 

■ 5 4 12% 

Good 

76.0% 


Moderate 

13.3% 


Poor 

6.7% 


Questionable 



Total No. Cases 

217 

Gross Mortality 4.1% 

Single Rib Fractured 

14 


Multiple Ribs Fractured 

203 



There was one death in the series which might be attributed to the pro¬ 
cedure. This was a man who was admitted with fractured ribs (left, one to six), 
hemopneumothorax with paradoxical respirations, a head injury of undeter¬ 
mined extent, and shock. He had been treated successfully for shock for four¬ 
teen hours prior to the block. A paravertebral somatic block was completed on 
the left side (Tl-7) with 1% per cent procaine usings total of 30 c.c. Relief of 
pain was immediate and skin anesthesia on the left thoracic wall was limited 
to the area of the nerves blocked. He was sensitive to pain on the contralateral 
side and below the area blocked on the same side. Six or seven minutes after 
the block was completed, fibrillary twitchings occurred around his mouth and 
respirations suddenly ceased. His pulse was unobtainable and he became cy¬ 
anotic. Endotracheal resuscitation was unsuccessful. Postmortem examination 
revealed multiple fractures of the ribs and a dilated right heart. 

There were eight other deaths in the series, making the gross mortality rate 


4.1 per cent (Table III). Three of the deaths were due primarily to pneumonia, 
one to pneumonia with laceration and contusion of the liver, one to pneumonia 
and subcutaneous emphysema of the entire body, and one to pneumonia an 
laceration of the brain with intracranial hemorrhage. One autopsy reveale 
an extensive pneumothorax with laceration of the lung. The eighth death m 
the series occurred in a woman who developed delirium tremens and died tvo 
days later. The mortality rate in this series is less than hi the series of frac¬ 
tured ribs reported by Knoepp, 0 none of whose patients were treated by nerve 
block. In his series, all patients with uncomplicated cases survived but, w en 
complications were present, mortality varied from 23 to /I per cent depen ng 
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upon tlio severity of tlie complications. In this series none of the uncomplicated 
eases ended in dentil but of tho complicated ones only 12 per cent terminated 
in death. 

In tho majority of instances the relief of pain was immediate following the 
block and the patient was able to cougb freely. Some of these had radiographic 
evidence of pneumonia processes with elevation of temperature, and within a 
day or two after a successful block remarkable clearing was demonstrated and 
the temperatures had returned to or near normal. The ability to cough and to 
ventilate more fully is responsible undoubtedly for such satisfactory recovery. 

In addition to tho patients with fractured ribs reported here, paravertebral 
and intercostal blocks have lieen used frequently to treat postoperative pain 
after a variety of thoracic and upper abdominal operations. Regularly, the 
relief of pain with its attendant freedom to cough and breathe without restraint 
has brought about considerable clinical improvement, and aided in securing a 
more normal convalescence. Qius 10 reports similar results in children who de¬ 
veloped postoperative atelectasis following nppendectomy. 

SUMMARY 

A survey of 217 patients with fractured ribs treated with nerve blocking, 
either parnvortebral or intercostal, is presented. For more than 80 per cent of 
these, there was almost immediate relief of pain following the initial injection. 
Less than 25 per cent required more than one treatment. Among the patients 
presented, 93.5 per cent had multiplo rib fractures and more than a third of the 
entire series had major complications associated with trauma. The mortality 
rate in the complicated cases was 12 per cent and the total mortality was 4.1 
per cent. These results indicate that, pain relief with nerve block is of significant 
value in preventing pulmonary infections and death of patients with fractured 
ribs. 


Tliis report was prepared uniter the supervision of E. A. Rovenetine, U.I). 
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upon tho severity of the complientions. In this series none of the uncomplicated 
eases ended in denth hut of the complicated ones only 12 per cent terminated 
in death. 

In the majority of instances the relief of pain was immediate following the 
block and the patient was able to cough freely. Some of theso had radiographic 
evidence of pneumonin processes with elevation of lempernturo, and within a 
day or two after a successful block remarkable clearing was demonstrated and 
tho temperatures had returned to or near normal. The ability to cough and to 
ventilate more fully is responsible undoubtedly for such satisfactory recovery. 

In addition to the patients with fractured ribs reported here, paravertobral 
and intercostal blocks have been used frequently to treat postoperative pain 
after a variety of thoracic ami upper abdominal operations. Regularly, tho 
relief of pain with its attendant freedom to cough and breathe without restraint 
has brought about considerable clinical improvement, and aided in securing a 
moro normal convalescence, tiius 1 " reports similar results in children who de¬ 
veloped postoperative atelectasis following appendectomy. 


SUMMARY 

A survey of 217 patients with fractured ribs treated with nerve blocking, 
either paravertebral or intercostal, is presented, h'or more than SO per cent of 
these, there was almost immediate relief of pain following the initial injection. 
Less than 25 per cent required more than one treatment. Among the patients 
presented, 93.5 per cent had multiple rib fractures and more than a third of the 
entire series had major complientions associated with trauma. The mortality 
rate in tho complicated cases was 12 per cent and the total mortality was 4.1 
per cent. Theso results indicate that pain relief with nerve block is of sigm cant 
value in preventing pulmonary infections and death of patients with fractured 
ribs. 

This report waa prepared mater the cuiKTvirion of E. A. Rovenat.ne, M.D. 
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CONTINUOUS SPINAL ANESTHESIA FOR THORACOPLASTY 
A Report of 300 Operations 

George J. Willauer, M.D., Richard J. Chodoff, M.D., and 
J. L. Garcia-Oller, M.D. 

Philadelphia, Pa. 

T HE introduction of continuous spiual anesthesia provided the surgical pro¬ 
fession with new opportunities. Once this method was proved safe and 
free from complications, the possibilities were evident that procedures of greater 
magnitude could be carried out, since the duration of anesthesia could be main¬ 
tained safely as long as necessary. In 1941, Lemmon 1 reported a series of 500 
operations performed under continuous spinal anesthesia with no anesthetic 
deaths and no neurologic complications. Numerous reports in the last five years 
have confirmed the safety of the method. 

This report, we believe, is the first to describe a series of major thoracic 
procedures performed under continuous spinal anesthesia. This series was 
begun in 1941, after a review of the pharmacology and the physiologic effects 
of procaine in the cerebrospinal fluid led to the conclusion that sufficiently high 
levels of anesthesia could be induced and maintained with continuous spinal 
technique to perform any stage of thoracoplasty, apicolysis, extrapleural pneu¬ 
mothorax, and similar procedures. This paper cover’s 300. thoracoplasties per¬ 
formed under continuous spinal anesthesia tyom February, 1941, to December, 
1944. 

PHARMACOLOGY AND PHYSIOLOGIC EFFECTS OF PROCAINE IN 
CEREBROSPINAL FLUID 

Hatcher and Eggleston, 2 in 1916, demonstrated that the toxicity of Novocaine (procaine) 
given intravenously, depended largely upon the concentration of the drug and the rate of 
injection. Comparatively small doses given rapidly in high concentrations were fatal to 
animals, whereas large doses could be tolerated if given slowly and in low concentrations. 
They also showed that procaine was destroyed in the liver and not in the kidneys, ns formerly 
supposed. 

Bullock and MacDonald 3 allowed in experiments on cats that the concentration of 
procaine in the cerebrospinal fluid falls rapidly from the point of injection where the con¬ 
centration is highest, to the cisterna, where the concentration is negligible. Increasing the 
concentration, increased the duration of anesthesia. Only minimal amounts were found 
to be absorbed into the blood. The average amount found in the blood of human beings 
under spinal anesthesia was less than 0.002 mg., although as much as 300 mg. had been given 
intratliecally. 

In 1942, Burford, 4 discussing the problem of absorption of procaine from the cerebro 
spinal fluid, concluded that the drug tended to become fixed to the immediately adjacent 
neural elements and that any absorption that took place was slow. The probable pathvajs 
of absorption are (1) through the spinal arachnoid villi and (2) through direct absorption 
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from tho capillary bed throughout the parenchyma after passage along tho perivascular ex¬ 
tensions of the subarachnoid space. Ho stated that “there is never a significant, still lesa a 
dangerous concentration of the drag in the blood.* 1 

Aftor Introduction into the subarachnoid space, the drug produces a progressive anes¬ 
thesia from the sensory to the motor leveL Experience has shown that small quantities of 
procnino suffleo to maintain the desired depth of anesthesia once the initial block is estab¬ 
lished, since tho greater part of the required dose is utilized in effecting the initial block. 

Various explanations have been offered for the cause in the fall of blood pressure often 
seen during spinal anesthesia. This phenomenon 1ms been attributed to decreased cardiac 
output, increase in the visceral enpillnry bed through trauma, handling of the intestinnl tract, 
and to vasomotor paralysis. 

Bradshaw, 8 in 1030, showed that the fall in pressure in experimental animals in due to 
vasomotor paralysis. He recorded tho blood pressure of cats after the intrathecal Injection 
of procaine and found the usual fall. After total sympathoctomy there whs no change in blood 
pressure after equal doses of spinal procaine. Ho concluded that the most Important fibers 
concerned in tho fall of blood pressure aro those below the fifth thoracic segment. Bradshaw 
also stated that respiratory failure occurs only when high concentrations of procaine reach 
the region of the cervical cord and that this rarely happens in man except inadvertently. He 
suggested that the occasional collapse seen may be due to accidental Injection of the drug 
into a dural vein. In this respect, the finding of Hatcher and Eggleston* should be remem¬ 
bered ; namely, that procaine rapidly injected intravenously is extremely toxic. The problem 
in fall of blood pressure has been ovorcomo in modern practice by the use of ephedrine or 
similar drugs prior to the induction of spinal nnesthesia and the maintenance of circulating 
blood volume by the use of intravenous fluids during tho course of operation. 

A contribution to tho problem of controlling spinal anesthesia was made by Koster and 
associates 8 when they showed tlrnt the duration of the paralysis of the lower extremities 
during spinal anesthesia could be shortened markedly by withdrawing cerebrospinal fluid. This 
observation, pins our own experience and that of others, shows that fixation of the drug in 
tho nourni elements con bo but of short duration and that some other explanation must be 
given before we can understand anesthesia produced by procaine. 

The fact tliat effective levels of anesthesia can l>e reached using much lower con¬ 
centrations of procaine than originally recommended has definitely increased the safety of 
the anesthetic. We have progressively reduced the concentration employed to our present 4 
routine use of 2*/j per cent solution. 

In summary, the problems to be overcome in the use of (thoracic) spinal anesthesias 
were (1) fall in blood pressure, (2) toxicity of the agent employed, and (3) lack of control 
over tho injected drug. These have been met by (1) the use of ephedrine and fluids to 
prevent and overcome the fall in blood pressure, (2) the use of procaine as a known safe 
ngent, and (3) the nse of continuous spinal as a method of controlling the level of anesthesia 
effectively for long periods of time. 

CONTINUOUS SPINAL ANESTHESIA IN THORACIC SURGERY 

It must be emphasised that spinal anesthesia has little, if nn.v, place in 
intrapleural surgery. Here the anesthetic method of choice is inhalation an¬ 
esthesia given through an endotracheal tubo so that respirations can be con¬ 
trolled and bronchial secretions can be removed. However, in operations upon 
tlio chest wall, such ns thoracoplasty, we bolieve continuous spinal anesthesia 
has advantages no other anesthetic offers. 

The fiist patient in this series was operated on at Englevillc Sanatorium in 
February, 1941. Tho first patient at Jefferson Hospital was operated on by 
Dr. H. H*. Bradshaw in March, 1941. From February, 1941, to Hecomlrer, 1944, 
300 thoracoplasties were attempted under continuous spinal anesthesia. These 
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operations were done on 114 patients, ages ranging from 19 to 59. For purpose 
of study, we have divided the eases into two groups (1) unilateral pulmonary 
tuberculosis and (2) bilateral pulmonary tuberculosis. A number of these pa¬ 
tients have bad pneumothorax maintained in the contralateral lung while under¬ 
going staged thoracoplasty. Forty-nine patients had a Semh extraf aseiaT apieol- 
ysis done in addition to the first stage thoracoplasty, an operation which adds 
substantially to the magnitude of the procedure. 

DOSAGE 

There is no arbitrary dose which can be advised. Enough procaine is given 
to reach and maintain the desired level of anesthesia. This amount varies greatly 
from stage to stage in the individual patient. The average initial dose has been 
100 mg. of procaine and the total dose has varied from as little as 150 mg. to 
as much as 1,000 mg. It must he emphasized that the amount required is un¬ 
predictable. However, the majority, or 65 per cent of the stages, have been 
done with a total dosage of procaine ranging from 200 mg. to 400 mg. It should 
be observed at this point that with the solution now used, 2% per cent procaine 
in spinal fluid, there is apparently very little danger of untoward effects on 
respiration, even when the level reaches higher than is desired. It is known that 
higher concentrations of procaine are needed to cause motor paralysis than 
sensory anesthesia. Apparently the dilution of procaine in the spinal fluid 
is such that it reaches the cervical region in amounts insufficient to cause paraly¬ 
sis of the diaphragm while concentrated enough to cause sensory loss and pro¬ 
vide muscular relaxation. We have seen many patients with complete anesthesia 
of the scalp and tongue with no sign of respiratory difficulty. 

e 

EFFECT ON PULSE RATE, BLOOD PRESSURE, AND RESPIRATION 

There was no appreciable difference in the effect of spinal procaine on the 
pulse rate in either the unilateral or bilateral group. Of the unilateral patients, 
11% per cent and of the bilateral patients, 15 per cent showed a fall in pulse 
rate at the conclusion of the operation. A rise in pulse rate averaging twenty- 
five per minute was shown in 28% per cent of the unilateral and 27% per 
cent of the bilateral cases. There was no change in pulse rate in 5% per cent 
of the unilateral and 5% per cent of the bilateral cases. In the remaining 1% 
per cent of the unilateral and 1% per cent of the bilateral cases, complete records 
were not kept. 

As in pulse rate, there was no significant difference in the change in blood 
pressure in each group. A fall in blood pressure was shown at the conclusion 
of the operation in 30% per cent of the unilateral and 35% per cent of the bi¬ 
lateral cases. A rise in blood pressure was noted at the termination of the 
surgical procedure in 6% per cent of the unilateral and 5% per cent of the 
bilateral cases. In 2 per cent of the unilateral and 1% per cent of the bilateral 
cases there was no change in blood pressure. In the remaining 8 per cent of 
the unilateral and 7 per cent of the bilateral eases the desired information was 
not recorded. 
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In 29% per cent of the unilateral and 33% per cent of tho bilateral cases 
thore was a slight rise in respiratory rate, averaging four per minute. In % por 
cent of each group there was a fall in respiratory rate and in 12% per cent of 
each group no chango in respirator}' rate waa noted. In the remaining 4% per 
cent of tho unilateral and 3% per cent of the bilateral cases, the necessary data 
was not recorded. 

In % per cent of the entire group of unilateral eases and 3 per cent of the 
entire number of bilateral cases, operation was discontinued, for reasons stated 
later, as tabulated below. There was ono patient with temporal-}' arrest which 
responded promptly to oxygon, withdrawal of spinal fluid, and artificial respira¬ 
tion. There was one anesthetic death which will be discussed shortly. 


Table I 
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SUPPLEMENTARY ANESTHESIA 

* 

In 35 patients it was necessary to use ono or more types of supplemental ' 
anesthesia. The percentage of operations thns requiring supplemental anesthesia 
was 11.7, the effectiveness of continuous Bpinol anesthesia in this series being 
88.3 per cent. "When the 10 cases which were discontinued are added to this 
group, tho total effectiveness of the continuous spinal anesthetic method was 
85 per cent. . • 

COMPLICATIONS 

Aside from tho ten patients on whom operations had to be discontinued 
before completion, nine having bilateral lesions, there was no appreciable dif¬ 
ference in tho incidence of complications in the two groups. This is a .very diffi¬ 
cult subject to discuss and evaluate since we are attempting to separate the 
complications of the anesthetic from those inherent in the operative pro¬ 
cedure itself In many cases the differentiation cannot be made. 

Of the operations, 4% per cent were followed by nausea and 13 per cent 
by vomiting. This compares very favorably with the incidence of these phe¬ 
nomena following general anesthesia. While we are not able to furnish the 
figures as to the incidence hi tho cases done under cyclopropane and ethor, it is 
our impression tliat nausea and vomiting to some degree followed tho great 
majority of cases. 

Postoperative headaches occurred in 9.3 per cent of cases. In none of these 
was the headache alarming or persistent. Tho percentage of headaches found 
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in our cases was larger than in most reported series of infradiaphragmatic pro¬ 
cedures done under continuous spinal anesthesia. However, we feel that this 
minor complication is a small price to pay for the many compensating advantages* 
of the method. 

Two patients, or 0.66 per cent went into a state of shock or collapse following 
continuous spinal, but responded to the usual methods of resuscitation. Whether 
-tliis can be attributed to the anesthetic method is very questionable, since a far 
greater number was seen when inhalation anesthetics were being used. 

In ten eases, it was necessary to discontinue the operation because of diffi¬ 
culties with the anesthetic or unsatisfactory condition of the patient. Although 
it is quite likely that some of these patients would have presented the same diffi¬ 
culties under inhalation anesthesia we are listing them as failures of the method. 
The following are brief summaries of the ten discontinued cases: 

Case 1. Unilateral pulmonary tuberculosis. Anesthetic unsatisfactory since free flow of 
spinal fluid could not be obtained. 

Case 2. Bilateral pulmonary tuberculosis. Free flow of spinal fluid obtained only after 
third puncture. Fluid was bloody. Satisfactory level was not obtained after administration 
of 500 mg. of procaine. 

Case 3. Bilateral pulmonary tuberculosis. Satisfactory level was not obtained after 
500 mg. of procaine had been given. 

Case 4. Bilateral pulmonary tuberculosis. Patient had respiratory arrest during course 
of operation. Prompt recovery with oxygen, artificial respiration, and withdrawal of spinal 
fluid. 

Case 5. Bilateral pulmonary tuberculosis. Marked cyanosis developed and operation 
was discontinued. 

Case G. Bilateral pulmonary tuberculosis. Patient had alarming rise in pulse rate 
and marked venous oozing. Extreme indrawing of intercostal spaces present after exposure 
of costal cage. Similar experience with this patient later, using regionnl block anesthesia 
with 1 per cent procaine solution. 

Case 7. Bilateral pulmonary tuberculosis. Anesthesia could not be obtained above level 
of third thoracic vertebra. 

Case 8. Bilateral pulmonary tuberculosis. Patient’s blood pressure fell to 60/40 
following skin incision and mobilization of scapula. 

Case 9. Bilateral pulmonary tuberculosis. Anesthetic level satisfactory but patient 
was extremely restless and uncooperative. This case may represent one of untoward effects 
of premedication with barbiturates. 

Case 10. Bilateral pulmonary tuberculosis. Anesthetic level satisfactory but patient 
restless and, apprehensive. Very similar to Case 9. 

MORTALITY 

There was one anesthetic death in this series of 300 operations. This oc¬ 
curred early in our experience, in 1941. This patient was a white male, aged 37. 
Examination revealed bilateral pulmonary tuberculosis with extensive disease in 
the left lung and old fibrotic lesions in the right upper lobe. Sputum averaged 
35 c.c. daily and was highly positive for tubercle bacilli. First stage thoraco¬ 
plasty was carried out uneventfully on Nov. 10, 1941. On December 19, patient 
was scheduled for a second stage thoracoplasty. The spinal tap was bloodj an 
a free flow was not obtained. These two contraindications to spinal anesthesia 
were ignored by the surgical team of the day and the patient was given 150 mg. 
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of procaine in a 5 per cent solution. Barbotage was used to extend the an¬ 
esthetic solution upward. Two subsequent doses of procaine were given in 150 
mg. and 100 mg. doses, disregarding the usual dosage of 40 to 60 mg. at two- 
minute intervals. 

Oxygen was not given before cyanosis and restlessness were olwcrvcd. 

One hour nftor induction of the anesthesia and almost immediately after the 
last dose of 100 mg. of procaine was given, respiratory arrest occurred, followed 
momentarily by cardiac arrest. 

Spinal fluid could not be withdrawn until a puncture at another level was 
made. 

Artificial respiration with 100 per cent oxygen administration brought no 
response. 

AVe believe that had the rules for the anesthetic l>ecn ndhored to this fatality 
would not have occurred. 

TECHNIQUE 

Enough barbiturate is given the evening before operation to ensure a restful night. 
Two hours prior to operation 1 grains of Nembutal or Seconal is given, and one hour prior 
to operation the patient is given grain of morphine snlfate and grain of scopolamine, 
hypodormicnlly. The patient is brought to the operating room with rs little disturbance as 
possible. Many patients nro drowsy but can be aroused easily. The patient is placed on the 
tabjo in the position to bo maintained during operation, tho lateral decubitus. Ephodrine 
sulfate, % grain, Is given hypodermically and a akin wheal is raised in the lumbar region ovor 
the widest interspace. Choice of interspace Is unimportant. A small skin incision is ran do 
and the introducer Is inserted through the interspinous ligament. A No. IP gauge malleable ‘ 
needle is used. If bloody fluid is obtained, tho operation is postponed. Upon entering the 
subarachnoid space the spinal fluid pressure Is taken, after which a syringe is connected to 
the needlo and it is determined whether or not n free flow of spinal fluid is present. This is 
highly important, Bince safe continuous spinal anesthesia for thoracic procedures cannot be 
carried out if a freo flow of fluid is not present. Should the flow be unsatisfactory, a second 
puncture is mado at another interspace. 

When a free flow of fluid has been obtained, the malleable needle is bent so that it 
is parallel to the skin and then fixed with adhesive topo. A 30-inch rubber tube, with a 
volume capacity of 2 c.c. is then attached to the needle. Spinal fluid, 20 ex., is then drawn 
into a ayringo containing 500 mg. of procaine. 

The initial dose is usually 100 mg. The table is then placed in a 16* Trendelenburg 
position. Subsequent 50 mg. doses of procaine are given at two-minute intervals until the 
desired level of anesthesia is obtained. The rate of ascent is usually two or three Interspaces 
with each 50 mg. dose. It is rarely necessary in a first stage thoracoplasty to give more 
procaine after the level has reached the npper border of the scapula. While the patient is 
prepared and draped, tho anesthesia level will rise to the angle of the jaw, the desired point 
to which anesthesia nmst rise for a first stage procedure and must bo maintained at this level 
until closure of the npper anglo of the incision has progressed to the midscapular area. At 
this stage of the operation tho stopcock on tho tubing is opened and spinal fluid is allowed 
to flow into the syringe. Tho amount of fluid removed varies with each patient and is de¬ 
pendent on the degree of sensation and motor function regained. 

Removal of spinal fluid is discontinued if abdominal respiratory movements are present, 
if the patient can. move the toes, or if the sensory level is in tho midscapular area, at the 
conclusion of tho operation. 

The needle is not removed from the subarachnoid space until this degree of motor func¬ 
tion or sensation has been restored. 
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Occurrence of nausea and retching is very uncommon since we discontinued barbotage 
and a 5 per cent solution, in 1942. If these symptoms do occur it is during induction or early 
in the course of the operation and are promptly relieved by withdrawal of spinal fluid ; usu¬ 
ally 2 to 4 c.c. will suffice. After a two- or three-minute interval, small doses of the drug 
are injected as needed. 

Oxygen by mask is given to all patients as soon as the operation is begum 

ADVANTAGES 

During an operation under continuous spinal anesthesia, there is excellent 
muscular relaxation. Mobilization and retraction of the scapula is facilitated. 
Respirations are quiet and not labored and paradoxical motion of the lung is 
minimized. Cyanosis is unusual and the shock so often seen when the patient is 
moved from the operating table after inhalation anesthesia is almost nonexistent. 

These patients require much less nursing care than those operated upon 
under inhalation anesthesia. Recovery is prompt and uneventful. Secretions in 
the bronchial tree are much less likely to be aspirated into the contralateral lung 
since at no time after operation is there loss of the cough reflex. 

Patients in both hospitals requiring thoracoplasty prefer the continuous 
spinal method of anesthesia. The patients who have had previous stages done 
under inhalation anesthesia and subsequent ones under spinal anesthesia are 
unanimous in their preference for spinal anesthesia because of the comfort 
during operation and the prompt, uneventful recoveiy. 

conclusions 

1. Continuous spinal is a safe anesthetic for extrapleural thoracic pro¬ 
cedures. 

2. The operative procedure is made easier because of quieter breathing, 
better muscular relaxation, and lessened paradoxical motion of the lung. 

3. Recovery is prompt, shock is rare, and postoperative nursing require¬ 
ments are reduced to a minimum. 

4. Postoperative complications are fewer than those occurring after inhala¬ 
tion anesthesia for similar operative procedures. 
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Original Communications 


SURGICAL LESIONS OP THE ESOPHAGUS SEEN IN AN ARMY 
THORACIC SURGERY CENTER 

Earle B. Kay, M.D. 

Cleveland, Ohio 

D URING the past three years, 133 patients with diseases and injuries of 
tlio esophagus have been treated at this army thoracic snrgery center. This 
sories represents mainly the nonmalignnnt conditions, for very few patients 
in tho younger age group have carcinomas. The purpose of this paper is the 
presentation of the treatment employed. Forty-two esophageal operations wore 
performed by the staff with only one operative mortality, an incidence of 2.4 
por cent. This mortality occurred following the local excision of a benign 
tumor. The other patients were treated by instrumental dilatation, conserva¬ 
tive measures, or did not require treatment. The esophngenl conditions treated 
and the operations performed are tabulated iu Tables I aud II. No attempt 
will be made to discuss the preoperativo and postoperative management. The 
potential dangors of esophageal surgery associated with the inherent anatomic 
characteristics of tho. esophagus, tho virulence of the bacterial flora resulting 
from stasis, and tho poor genoral condition of the patient caused by lus in¬ 
ability to eat were well appreciated and adequate preoperativo measures were 
employed. 

STRICTURE 

Twenty-seven patients had cicatricial Btenoses, fourteen of which were 
duo to consumption of a caustic fluid. In eleven of these tho caustic was con¬ 
tained in sabotaged alcoholic beverages and consumod accidentally ovorseas. 
The other three resulted from suicide attempts. Six patients had stenoses 
secondary to war wounds of the esophagus. A congenital short esophagus was 
complicated by ulceration, scarring, and Btenosis at the esophagogastric junction 
in tlireo patients. Threo wore secondary to an esophagitis. One resulted from 
local ulceration and constriction duo to a foreign body. 

From the Section of Thoracic Surgery, Kennedy General Hospital. Memphis, Term- 
Read at the Twenty-sixth Annual Meeting of The American Association for Thoracic 
Surgery, Detroit, Mich., May 25. JO, and 11, 1846. 

207 




208 


THE JOURNAL OF THORACIC SURGERY 


Table L Classification of 133 Esophageal Conditions Seen in a Thoracic Surgery Center 


TYPES 


NO. 


TREATMENT 


NO. 


Strictures: 

Caustic 

Congenital short esophfigus 
Traumatic 

Esophagitis with stenosis 


14 

3 
G 

4 


Intrathoracic esophagoplnBties 
Antethorncic esophagoplasty 
Repeated esophageal dilatations 


4 

2 

21 


27 


27 


Tumors : 

Benign: neurofibroma 
leiomyoma 

Malignant: adenocarcinoma 

squamous cell car¬ 
cinoma 

adenocarcinoma 

(stomach) 


Local excision 3 

Resection with anastomosis 2 

Inoperable (exploratory) 3 

Total gastrectomy, transverse colectomy 
and esophagojojunostomy 1 


Cysts: 

Dermoid 

Simple 

Bronchogenic 


Transthoracic esophageal resection with 
esophagogastric anastomosis 1 

Local excision 4 


Diverticulum: 
Traction 
Pulsion 
Epiphrenic 


4 

3 

2 


No treatment indicated 
Transpleural diverticulectomy 


Traumatic injuries, war wounds: 
Tracheoesophageal fistula 
Esopliagocutancous fistula 
Mediastinal and paraesopha¬ 
geal abscesses 

Paraesophageal shell fragments 


Drainage of 
Removal of s 


paraesophageal 
shell fragments 


abscesses 


18 


Varices: 


Too extensive for treatment 


11 


Cardiospasm: 


20 


Cnrdioplasties 

Dilatations 


11 

9 

20 


Congenital short esophagus: 

Carcinoma 1 

Stricture 3 

Ulcer 4 

Essentially asymptomatic G 

Symptoms improved by modified 
ulcer regimen 6 


Resection with nnastomosis 1 

Required dilatations 3 

Temporary neuremphraxis 3 

Fixation of diaphragm above esophago¬ 
gastric junction 1 

No surgical treatment 12 


20 


Hiatal hernia: 


Required repair of hernias 


Paraesophageal hernia: 


Required repair of hernias 


20 


Extrinsic esophageal obstruction: 
(tumors, cysts, aneurysms, tubercu¬ 
lous nodes) 


11 


No treatment directed to the esophagus 


Total 


133 


Instrumental dilatation over a previously swallowed thread as a guide was 
effective in twenty-one patients. This was impossible or ineffectual in six pa¬ 
tients and surgical therapy was employed. The degree of stricture in three 
patients was too great to allow instrumentation. Two others had upon admis¬ 
sion strictures associated with mediastinitis and multiple fistulas incurred acci¬ 
dentally during previous attempts at instrumental dilatation. Instrumentation 
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Table n. Esophageal Operative Phooeddbes 


TYPE 

NO. 

| HOCTALITY 

Cardiopbujty 

Beconstruetive transthoracic resection nnd esophagogastric anas¬ 
tomosis 

Boconstructivo nntetlioradc esoplrngodermatojejunal anastomosis 

Transthoracic total gastrectomy, transverse colectomy and 
esoph ngojoj unost omy 

Esophagostomy 

Transthoracic dlvertlculoctomy anrl fixation of dinpliragmntic 
hiatus abovo esophagogastric junction (congenital short 
esophagus') 

Excision of intramural tumors and cysts 

J>rainngo of p&wwophngenl abscesses 

Item oral of paraesophageal foreign bodies (shell fiagments) 

11 

7 

o 

1 

2 

1 

7 

5 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

Total 

42 

1 


in another patient was possible but not effective. Beconstruetive operations 
were necessary in theso six patients. Pour intrnthorncic esophngoplasties and 
two antethoracic jejunodermntocsophngoplnstics were performed. The third 
stage in one of the latter patients has not been performed as yet. For the intra- 
thoracic esophngoplasties, a tubo was fashioned from tho greater enrvaturo of 
the stomach. Tho blood supply for this tube was furnished primarily by the 
right gastroepiploic artery. One of tho intrnthoracic esophngoplasties was total, 
tho anastomosis being just within the thoracic inlet; another was approximately 
one inch below the tboiucie inlet, and the other two were at the level of tho 
aortic arch. 

For contemplated intrathorncic esophagogastric anastomosis near the tho¬ 
racic inlot, adequato exposure was felt to be best obtained by using first an 
abdominal incision for the mobilization of tho stomach and construction of the 
gastric tube and then a high thoracic incision for formation of tho anastomosis. 
When tho contemplated anastomosis is at the level of the aortic arch or below, 
adequate oxposure can he obtained by a single transthoracic approach. 

Tho antethoracic esophagoplastics were performed in three successive stages 
at three-week intervals. In the first patient tho esophagus was transected trans- 
thoraeically just proximal to the stricture and brought out through a corvical 
incision as an esophagostomy. Tho second stage consisted of formation of a 
jejunal tube. Sufficient jejunum was mobilized to reach easily to the neck to 
allow esophagojejunal anastomosis, hut during the preparation of inserting the 
jojunal tube beneath the skin of the chest wall one of the primary arcuate 
arteries was tom and eight inches of tho jejunum had to bo sacrificed. The 
csophngus and the jejunum were thou joined by a skin tube at tho third stage. 

The functional results following both the intrathorncic nnd antethoracic 
esophngoplasties have been entirely satisfactory. Tho patients arc able to cat 
regular diets with no difficulty, although the patients with the antethoracic esoph- 
ngoplnsty must chow their food more thoroughly nnd more time is requited for 
tho passage of food through the tube. 

If a reconstructive operation is contemplated, nnd tho condition of the 
patient is such that supplementary feedings arc necessary, the decision ns to a 





210 


THE JOURNAL OF THORACIC SURGERY 


gastrostomy or jejunostomy should rest with the surgeon perfo rmin g the latter 
operation. An inconveniently located gastrostomy may prevent formation of a 
tube from the stomach. A jejunostomy is preferred if an intrathoracic anas¬ 
tomosis is contemplated. 

TUMORS 

There were three benign, intramural, esophageal tumors, two leiomyomas 
and one neurofibroma. All three arose between the submucosa and museularis 
and all were removed by local excision. The mural attachment of one large 
leiomyoma of the upper third of the esophagus was so extensive that consider¬ 
able dissection of the esophageal wall was necessary. Though this appeared 
viable at the termination of the operation, necrosis occurred which resulted in 
mediastinitis and empyema. This patient died on the fifth postoperative day. 

There were five esophageal carcinomas, of which only two were operable. 
These patients were treated by esophageal resection and esophagogastric anas¬ 
tomosis. One of these patients is of interest as the lesion was an adenocarcinoma 
arising at the esophagogastric junction in a patient having a congenital short 
esophagus. A sixth patient had a large fungating carcinoma of the stomach 
that had infiltrated the lower esophagus, the spleen, and the transverse meso¬ 
colon. A total gastrectomy, splenectomy, and transverse colectomy were per¬ 
formed, followed by an esophagojejunostomy and double-barrel colostomy. 

CYSTS 

There were five unusual and interesting esophageal cysts. All of these 
were intramural and arose between the submucosa and museularis. There were 
two dermoid cysts, two simple cysts, and one bronchogenic cyst. Local excision 
was possible in four of the five cysts, but resection of the lower esophagus in¬ 
cluding the cyst followed by an esophagogastric anastomosis was necessary in 
the fifth. Whenever possible, cysts and benign tumors are explored through 
the left pleural cavity, for if esophageal resection is found advisable, the stomach 
is readily available for anastomosis. 

DIVERTICULA 

There were four traction, three pulsion, and two epiphrenic diverticula. 
The traction diverticula were thought to be secondary to tuberculous medias¬ 
tinitis and mediastinal lympliadenopathy in that large calcified mediastinal 
nodes were present in all cases. The orifices of the diverticula could be seen 
during esophagoscopic examinations. The mucous membrane about the orifices 
appeared taut but not inflamed or ulcerated. In two cases, retained barium 
could be demonstrated within the diverticula for several days following radio- 
graphic examinations. Faulty emptying was probably responsible for the symp¬ 
toms present. In view of the fibrous mediastinitis and calcified mediastinal 
lymph adenopathy, no treatment directed to the esophagus was indicated. 

The three pulsion diverticula of the thoracic esophagus were associated 
with vague complaints consisting mainly of dysphagia and night pain. No 
esophageal obstruction was noted roentgenographically. Night pain may have 
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resulted from accumulation of gnstric secretion in this pouch when the patieut 
was iu the prone position.- The symptoms in this group were not severe nor 
consistent and were improved by conservative measures including feedings or 
nmpliojel prior to retiring. 

Tho two patients with opiphronie diverticula had congenital short esoph- 
aguses. Both of these patients complained of opigastric and suhsternal pain 
occurring several hours after meals and especially at night One patient also 
had considerable pain upon swallowing. Esophagoscopic examinations demon- 
strated one of tho divorticula to ho just below tho esophagogastric junction and 
tlie other just above it. There was considerable inflammation and erosion of 
tho mucous membrane immediately around the orifices of tho diverticula. One 
patient wns completely relieved of symptoms by a Sippy regimen and the other 
required excision of tho diverticulum and suture of the dinphragm at a higher 
level about the esophagus before symptomatic relief was obtained, 

TRAUMATIC INJURIES OF THE ESOrHAGUS 

Traumatic injuries of the esophagus were seen in ten patients. Seven 
were caused by shell fragments or bullets and one by a bayonet. Two resulted 
from instrumental perforation during esophagoscopy elsewhere. Five of these 
esophageal injuries were associated with injuries of the trachea necessitating 
emergency tracheotomies and gastrostomies. Six pntients had developed para¬ 
esophageal and mediastinal abscesses which required drainage. Residnal ab¬ 
scesses and esophogopleural and csophagocutaneous fistulas were present in 
these pntients upon admission. Most of these latter patients required secondary 
drainages and the fistulas persisted for a number of months. Another patient 
had an esopbagotracheal fistula that healed on conservative management em¬ 
ploying chemotherapy. 

It was possible to removo the tracheotomy and gastrostomy tubes soon 
after the patients returned to this country. Six patients developed localized 
esophageal strictures that responded readily to instrumental dilatation. Two 
additional patients, ns previously described, had upon admission esophageal 
strictures associated with fistulas resulting from instrumental dilatation. 

Large shell fragments or bullets were in contact with the esophagus in 
eight pntients. Two of these had caused localized fistulas or diverticula. It 
was felt advisable to remove tho metallic foreign body in six of these patients. 

ESOPHAGEAL VARICES 

Only one patient with esophageal varices wns seen. He had had a splenec¬ 
tomy five years previously with apparent symptomatic relief from bleeding. 
During tho month prior to admission three massive hemorrhages occurred. 
Radiographic studies revealed extensive varices the entire length of tho esopha¬ 
gus. Tho extensiveness of the varices precluded treatment 

CAROIOSPASH 

Twenty patients with cardiospasm were treated. In eight pntients with 
moderate degrees of cardiospasm satisfactory symptomatic improvement re- 
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suited from instrumental dilatation though there was no evidence of reduction 
in the size of the esophagus afterward. 

Transpleural cardioplasties were performed in eleven patients not signifi¬ 
cantly improved by instrumental dilatation. In contrast, the operative group 
were given more permanent and complete relief of symptoms and showed strik¬ 
ing reductions in the size of the esophagus postoperatively. One patient is now 
awaiting operation. 

All of the cardioplasties were performed through a transpleural approach, 
for it was felt that this allowed better exposure of the esophagogastric junc¬ 
tion, better mobilization of the lower esophagus and cardia of the stomach and, 
in turn, the construction of a larger aperture than would be possible tlirough 
an abdominal approach. The new stoma was made large enough to allow for 
reduction in size as the caliber of the esophagus decreased. Its size determines 
the ease with which the esophagus empties itself and the likelihood of its reduc¬ 
tion in caliber. The first three cardioplasties were performed in a manner 
similar to a Finney type of pyloroplasty technique, and the others in a manner 
similar to a Heineke-Mikulicz type. The latter was found to he the easier and 
more satisfactory procedure. 

CONGENITAL SHORT ESOPHAGUS 

Twenty-three patients having a congenital short esophagus were observed. 
The presenting symptoms in most instances were dysphagia, painful swallowing, 
substemal pain, vague epigastric pain and discomfort, and night pain. One 
patient had a carcinoma at the esophagogastric junction, three a high-grade 
stricture, six an ulcer, and two were associated with epiphrenic diverticula. 
The others were uncomplicated. The patient with the carcinoma had an eso¬ 
phageal resection and esophagogastric anastomosis. The strictures responded to 
instrumental dilatation and a modified Sippy regimen. Three patients had 
temporary phrenic neuremphraxis Avitli only partial or temporary improvement. 
One of the patients Avith an epiphrenic diverticulum was completely relie\ r ed 
by means of a Sippy diet. The other one Avas not significantly improved by 
this measure. The dysphagia, painful swalloAving, and night pain persisted. 
These symptoms disappeared following a transpleural diverticulectomy and 
resuturing of the diaphragm to the esophagus at a higher level. The others 
Avere relieved of symptoms by carefully folloAving a modified Sippy regimen. 

Patients with a congenital short esophagus may have retention of gastric 
juice in the gastric pouch betAveen the diaphragm and esophagogastric junction. 
This is more likely to occur when the patient is in the prone position Avhile 
sleeping. The presence of the retained gastric juice may allow peptic digestion 
of the loAver esophageal mucous membrane and he responsible for the high inci¬ 
dence of ulcers. Such ulcers can frequently be detected by esophagoscopic 
examinations when not apparent on esophagrams. Sleeping in the semiprone 
position may aid in emptying of the gastric juice and allay symptoms. Feed¬ 
ings, amphojel, or some buffer substance should be taken prior to retiring to 
buffer the gastric acidity. 
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A congenital short esophagus is occasionally misinterpreted ns being a 
hiatal hernia, and in some patients both factors may be present. In the former 
condition the esophagus is taut ns well ns Hint portion of the stomach above the 
diaphragm, whereas in the latter condition the esophagus mid stomach appear 
redundant. 

SUM II ARY 

The conditions found and the treatment employed at this Army Thoracic 
Surgery Center in 133 patients with various lesions of the esophagus arc pi'C- 
sentecL There were forty-two major esophageal operations performed by the 
Staff with one mortality, on ineidonco of 2.4 per cent. The other patients were 
treated either by instrumental dilatation or by conservative measures. 

DISCUSSION 

DP. R. IT. SWEET, Ronton, Mass.—This is a perfectly marvolous series of eases, and 
the results arc certainly excellent. 

Tliis is a field in which I mu particularly Interested, and tho paper brought to miud 
questions nbout various matters wldch. lmvo to do with these problems, many of tho points, 
of eourso, boing still controversial. 

For instance, thore is the matter of the incision. I lrnve performed five esophagec¬ 
tomies for tlieso stricture cases, pulling tho stomach all tho way up to the apex of tho 
client for an anastomosis. In nil of these, a single thoracic incision was used. Dr. Kay 
does not mention whether lie removed the esophagus or not. He merely speaks of it as 
“eaophagoplasty.” 1 would llko to lmvo him clarify that point, having felt that one should 
take the esophagus out below the point of anastomosis. I have always done it through a 
single thoracic incision. 

Even though we have all hnd successes, such as tho young man whom he showed in tho 
pictures, external esophngoplasty is never a thoroughly satisfactory procedure, and I feel 
thnt something else bettor than that should bo substituted, if possible. 

Ono question, when it comes to that: Is thero any evidence in Dr. Kay’s expcrlcnco 
that anastomosis or ot least sntures between skin tubes and the jejunum or the stomach tend 
to develop strictures! They seem to do so, whoreas, on the other hand, if we suture tlio 
esophagus to the skin, they do not occur. Tiie reason for that mny be that the esophageal 
mucosa is so much more like the skin than is the jejnnnl or gastric mucosa. 

Then the enormous subject of cardiospasm comes to tho foro. I would llko to say 
that I linve tried Qboat overy possible surgical maneuver, including the one which ho 
describes, with oxcision nml various canlioplnstics of ono sort or another. Excluding, of 
course, tho fact that many cases of cardiospasm do not need surgery, the important point 
is: How long have these cases been followed! Aftor a good deal of early encouragement, 
wo are beginning to see some difficulties arising during tho late convalescence, months and 
years following the procedure. In that group of cases, experience seems to favor the 
Heineke-Mikulicx type of procedure, of longitudinal incision and transverse snturo. Rosults 
in tho direct surgical approach to cardiospasm have been best when that method was used. 

DR. FREDEBICK E. HARPER, Denver, Colo.—In 1942, Dr. Lewis of Philadelphia 
and I worked on some cadnvers In order to discover a snitablo approach to the upper ab¬ 
dominal organs through tbe chest. We decided that an approach which involved removal 
of tho ninth rib with extension of the incision into tho abdomen and splitting the dia¬ 
phragm would give the least exposure. Sineo I returned from overmens, I linve hnd nn 
opportunity to use the incihion for removal of carcinomas of the cardiac end of the stomach 
und esophagus and also for tho repair of diaphragmatic hernias. The incision has proved to 
bo entirely satisfactory. 
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(Slide.) The incision is made over the ninth rib and extended for about two inches 

into the abdomen. The ninth rib is removed and the chest entered through its bed. The 

costal arch is then divided and the incision is extended for about two inches into the 
abdomen. The pulmonary ligament is then divided and after that the diaphragm is split, 
starting at the divided costal arch and extending to the esophageal hiatus. This gives ex¬ 
posure of the entire esophagus below the aortic arch and the entire upper abdomen. The 
stomach and esophagus can then be dealt with as a unit. It is so much easier to plan the 
extent of the resection and to control bleeding with this exposure than it is by reaching 
through the diaphragm. I have used the incision through the chest, delivering the stomach 
into the chest and had considerable difficulty separating the bare area of the stomach from 
the diaphragm. Also by splitting the diaphragm it can be sutured to the gastric. sido of 

the anastomosis, thus leaving the stomach in the abdomen. I have not encountered any 

postoperative complications from this incision. One patient in six complained of slight 
tenderness of the costal arch. >r 

(Slide.) I also had an opportunity recently to approach the left adrenal gland 
through a thoracico-abdominal incision. The patient was a 12-year-old girl with Cushing’s 
syndrome. She was a little over 4 feet tall and weighed 207 lbs. The urologist who had 
demonstrated the adrenal tumor by x-ray was at a loss to find a suitable approach. Ho was 
afraid of damaging the tumor if he used the kidney approach and the patient was too obese 
for an abdominal approach. By removing the eleventh rib and splitting the diaphragm 
we were able to expose the retroperitoneal space directly over' the tumor. The tumor lay 
in the perirenal fat like an egg in a nest. This indicates that a transthoracic approach to 
lesions of the adrenal gland or upper pole of the kidney is practical. 

DR. EARLE B. KAY, Cleveland, Ohio.—In answer to Dr. Sweet’s discussion: 

The esophagus was removed in three of the four intrnthoracic esopliagoplasties per¬ 
formed for undilatable, benign esophageal stricture. It was left in the fourth because the 
condition of the patient would not permit prolonging the operative procedure. It is felt 
that the esophagus in such cases should be removed because of known instances of later 
carcinomatous proliferation. 

I agree with Dr. Sweet that the antetlioracic jejunodermatoesophagoplasty is not as 
satisfactory as an intratlioracic procedure. However, I believe that there will continue to 
be instances in which it would be inadvisable to perform a reconstructive intratlioracic 
esopliagoplasty. 



TECHNICAL PROBLEMS IN THE SURGICAL TREATMENT OP 
CARCINOMA OP TIIE ESOPHAGUS AND UPPER STOMACH 


John H. Garlock, M.D. 

New York, N. Y. 

D URING the past ten years the surgical treatment of cancer of the esophagus 
and cardia lias been extended' in this country to such a degree that it is fair 
to state that the Hurgicnl approach to this problem lins been accepted in most 
clinics ns the only form of therapy so far developed that will at the same time 
give a low operative mortality and the longest period of postoperative survival. 
The road traveled in the development of thiB field of surgery has not been an 
easy one. There has been a constant probing for methods that would lead to 
earlier diagnosis, repeated changes in the development of the technical prob¬ 
lems encountered during the operative procedures, and the gradual realization 
of the great importance of the patient’s care dnring the postoperative period. 
All of these offorts have been expended with the purpose of attaining some form 
of standardization in the operative treatment of this disease. On the basis of 
experience with over 200 cases, I would like to summarize some of our experi¬ 
ences with the technical problems in the operative treatment of cancer of the 
esophagus and upper stomach. 

In trying to cope with the high incidence of cardiovascular acoidents oc¬ 
curring postoperatively, which was the subject of a paper presented two years 
ago before this association, we have increased the period of preoperative prep¬ 
aration and made free use of the services of our medical consultant. There 
seems to have been some decrease in the number of this variety of postoperative 
complications. During the preoperative period, careful attention is now being 
given to the prophylaxis of pulmonary complications. These preventive meas¬ 
ures include, first, parenteral administration of penicillin and frequently of 
sulfadiazine, and second, the intratracheal insufflation of penicillin by nebuliza- 
tion. It is our impression that there has been a marked decrease in the num¬ 
ber of postoperative pulmonary complications since this preoperative routine 
was adopted. We still emphasize the importance of dental prophylaxis dnring 
the preoperative period as an additional aid in the prevention of pulmonary in¬ 
fections. Mechanical cleansing of the esophagus itself by frequent irrigations 
of the organ through a Levin tubo is another important adjuvant in the prophy¬ 
laxis against postoperative infections. 

There is no need' to emphasize the importance of careful preoperative prep¬ 
aration in the type of patient under discussion. Dehydration, avitaminosis, 
disturbances of protein metabolism, nnd variations in the mineral components 
From the Surcical Service of the ML Sinai Hospital. New York. 
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of the body are frequent concomitants of the disease when the patient first pre¬ 
sents himself. Various methods adopted to overcome these deficiencies are too 
well known to merit extended discussion at this time. However, it is important 
to emphasize that they should not be forgotten during the preoperative period. 

Anesthesia .—The rapid advances in the field of anesthesiology have made 
continued progress in this field of surgery possible. We have gone through the 
various phases of anesthesia development in relationship to esophageal surgery 
and have finally come to the routine use of intratracheal anesthesia, which has 
now reached a high degree of efficiency. Anesthetists are now so well trained 
in the use of the intratracheal tube that there need be no hesitancy on the part 
of the surgeon to utilize this anesthetic modality in these frequently debilitated 
patients. It seems hardly necessary to emphasize that at the completion of 
the operation the anesthetist should routinely aspirate the bronchial tree to 
prevent occlusion of one or the other main bronchus postoperatively. 

Midthoracic Carcinoma .—Since my original report of the high anas¬ 
tomosis for carcinoma of the middle third of the esophagus, enough ex¬ 
perience has accumulated in other clinics as well as my own to justify 
the statement that the old Torek operation is now completely outmoded. 
It is now possible to bring the stomach to the apex of the chest and 
effect a direct anastomosis between the stump of the esophagus and the 
transplanted gastric organ. The important problem in this procedure is one 
of preservation of blood supply. It must be remembered that the only source 
of supply for the stump of the esophagus in this situation is through branches 
coming from the inferior thyroid artery. Therefore, every effort must be made 
to avoid trauma and extensive mobilization of the esophagus at the apex of the 
chest. With respect to the blood supply of the transplanted stomach, I origi¬ 
nally suggested that the main left gastric artery should not be ligated. How¬ 
ever, since that time experience has shown that it is feasible to ligate and' divide 
the left main gastric artery as it arises from the coeliac axis. This maneuver 
alone permits extensive mobilization of the stomach. Should more mobilization 
be needed, the gastrocolic omentum may be divided in such a way as to pre¬ 
serve the gastroepiploic arch of vessels along this border of the stomach. If 
this is done with care, and this mobilization may he extended along the greater 
curvature almost two-thirds of the way to the pylorus, then the surgeon need 
have little fear of impairment of circulation in the proximal end when it is 
transplanted to the apex of the chest. We have had only one instance of necro¬ 
sis of the gastric wall at the upper end of the transplanted stomach, and I 
am sure this was due to too extensive ablation of the blood supply along the 
greater curvature. 

The approach that we have been using for this operation consists of a long 
incision in the sixth interspace with division of the sixth, fifth, fourth, seventh, 
and eighth ribs near the spine so as to form a T-shaped' incision of the thoracic 
cage. The judicious use of a rib spreader gives sufficient exposure for both 
the thoracic and abdominal manipulations tJirough the diaphragmatic incision. 
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We employ routine crushing o£ the phrenic nerve in order to render the left 
leaf of the diaphragm immobile during the operative procedure aud postopera¬ 
tive period'. The technical features of the anastomosis itself have been stressed 
frequently and need no extended discussion nt this time. Suffice it to say that 
experience has shown that it is important to use interrupted sutures, preferably 
of the nonabsorbable variety, in order to prevent postoperative stricture at the 
site of the anastomosis. We have used n two-layer anastomosis of fine silk, 
the inner one approximating mucosa to mucosa, and the outer, muscularis of 
the esophagus to serosa of the stomach in the form of interrupted mattress 
stitches. Each suture must be placed accurately and tied without tension. To 
prevent disruption of this suture line, which should never be made under ten¬ 
sion, we have telescoped the stomach over the suture line and' anchored it to 
the esophagus above and to the mediastinal pleura on each side all the way 
down to the diaphragmatic opening. Before the anastomosis is completed it 
is advisable to aspirate the stomach completely so as to have a thoroughly flac¬ 
cid organ at the end of the operation. The repair of the diaphragm aronnd 
the transplanted stomach is an important item in this operation. Interrupted 
sutures should be placed close enough to prevent herniation of abdominal con¬ 
tents into the chest. Every possible opening must be obliterated and the clo¬ 
sure should be thorough. I emphasize this point because we had the unfor¬ 
tunate experience of herniation of bowel into the chest in two patients, causing 
the death of the individual in each instance. In the first case, the ileocecal 
region was found herniated between rather widely placed sutures, and in the 
second, one of the silk sutures tore out of the diaphragm, thus creating an 
opening large enough to permit herniation of the transverse colon. This acted 
as a check-valve on the complete emptying of the stomach and the patient died 
of respiratory distress because of increasing distention of the stomach. The 
clinical picture was quite obscure aud difficult to explain. The autopsy which 
we were fortunate to obtain told the whole story. 

Carcinoma of the Lower Third of the Esophagus and Cardiac End of the 
Stomach .—The biopsy’ specimen obtained during esophagoscopy will indicate 
the origin of the tumor. Squamous cell tumors originate in the esophagus it- 
Relf and adenocarcinomas originate in the upper end of the stomach or cardia. 
An adenocarcinoma may grow upward along the esophagus for quite a dis¬ 
tance. However, I have never seen a squamous cell tumor of the esophagus 
grow downward along the gastric wall. Some years ago I stressed the import¬ 
ance of determining operability in all cases of adenocarcinoma of the cardia 
before subjecting the patient to a transthoracic incision. I therefore suggested 
a preliminary nbdominal exploration through a left rectus incision. In the in¬ 
operable cases, closure of the incision terminated the operative manipulation. 
If the lesion was found operable, the abdominal wound was closed, the patient 
was turned on his side and a left transthoracic incision was then made. During 
the past two years I have made use of a combined abdominothoracic incision 
wliich has simplified the problem immeasurably. The development of this inci¬ 
sion has been a natural one during the progress of this work and includes the 
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best features of the various incisions of this type that have been described hereto¬ 
fore. In the early days of this century, surgeons attempted to reach the car¬ 
diac end of the stomach without entering the chest, aud all sorts of osteoplastic 
flap incisions were utilized by Marwedel, Von Mikulicz, Hedlbom, Ohsawa, and 


Fig. 1.—Position of patient on operating- table. Beginning of incision at outer border of left 
rectus muscle. (Courtesy Surg., Gynec. & Obst.) 




Fig. 2.—A, ContinuaUon of abdominal portion of incision upward and outward into the 
eighth Interspace. B, Division of the costal arch and intercostal musculature in the eighth 
Interspace. (Courtesy Surg., Gynec. & Obst.) 

others. Humphreys of New York called my attention to the many excellent 
features of this approach, and during the past two years I have utilized this 
incision almost routinelv for carcinoma of the upper stomach and lower esoph- 
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agus. The incision affords a magnificent exposure of the upper abdomen 
and thoracic cavity. All operative manipulations can be done under direct vi¬ 
sion with ease. Afore extensive resections can now be undertaken than was 
possible heretofore. It makes the operation of total gastrectomy a relatively 
easy' procedure ns compared with the usunl operation done transabdominally. 
I have been impressed with the paucity of postoperative complications in these 
patients as compared with the previous gronp and also with the smoothness of 
convalescence. 



Fig 1 . 3.—Radial Incision of tho diaphragm from tho periphery to the csophagoal opening. The 
phrenic nerve Is pinched. (Courtesy Sure-. Gynec. & Obst.) 

The patient is placed almost in the exact lateral position on the edge of 
the operating table and an upper left rectus incision is made at the onter bor¬ 
der of the muscle. (Pig. 1.) Exploration of the abdomen is then undertaken 
in order to determine operability'. If an operable tumor is demonstrated, tho 
incision is continued upward and outward in the eighth interspace. (Fig. 2.) 
The costal arch is divided at this point, and the incision is continued backward 
to the vertebral border of the scapula or further, if necessary-. The chest is 
entered through the eighth interspace and the diaphragm is out across in a 
radial direction to the esophageal hiatus. (Fig. 3.) A rib spreader is now 
inserted and opened widely, thus affording an extensive view of the upper half 
of the abdomen and lower thoracic cavity. (Fig. 4.) The esophagus, from the 
arch of the aorta dowuwnrd, and the stomach may he mobilized with accurate 
division of tho blood supply and complete removal of tho associated lymph 
nodes. In squamous cell tumors of the lower esophagus it is not necessary to 
remove much of the upper stomach unless the pnracnrdinl lymph nodes are 
grossly involved. The latter is not an infrequent finding. More of the stomach 
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must be ablated with carcinomas of tbe cardia in order to effectively remove 
the associated lymph nodes both along the lesser curvature and the paracardial 
region. It has been possible through tins incision to effect block dissections 
of the upper stomach, tail of the pancreas, spleen, and the peripancreatic 
lymph nodes. This would have been a hazardous and extremely difficult 
procedure with the old transthoracic incision. (Fig. 5.) The repair of this 
wound is made in layers in exactly the same manner in which it was produced. 
The abdominal portion of the incision may be closed quickly with buried wire 
sutures of stainless steel. Before complete closure of the abdominal portion of 
the incision, jejunostomy may be done for postoperative feeding purposes. 



Fig. 4.—Mobilization of the lower esophagus and stomach. Lesion is located at the cardia. 

(Courtesy Surg.. Gynec. & ObsL) 

(Fig. 6.) The routine use of jejunostomy in this type of case has much to 
commend it. The thorax is drained by an underwater tube placed in a subja¬ 
cent intercostal space. We have seen no harm done by the use of this tube 
and believe that it prevents accumulations of fluid in the chest which must 
otherwise be treated bj r repeated aspirations. Again I would like to stress the 
importance of accurate closure of the diaphragm around the transplanted 
stomach. This must be done in such a way as to prevent strangulation or dim¬ 
inution in the caliber of this organ. 

Total Gastrectomy .—I would like to mention briefly the desirability of 
using this combined abdominothoracic incision in the performance of total gas¬ 
trectomy for carcinoma of the stomach. The technical details of the operation 
are tremendously simplified by the use of this incision. There is one other 
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point Hint I believe deserves eniplinals. In performing resections of the entire 
stomach and' lower esophagus the surgeon is frequently confronted with the 
technical problem of n short jejunal loop. Sweet 1ms attempted to overcome 
this defect by an exact ligation and division of the vascular arcades in the 
mesentery in order to obtain more mobilization. This has been a desirable ad¬ 
vance and has simplified the problem somewhat. Prom the physiologic stand¬ 
point, considerable puddling takes place in the proximal or afferent loop of 



FIk. r>. —The anastomosis ha* been completed and the operative wound la belnp repaired. 
A, Fixation of mediastinal pleura and edpe of dlaphnumi to transplanted stomach. D, Repair 
of diaphragm. O, Completed repair of diaphragm. D, Pericoatal auturea Inserted to cloae tho 
thoraclo portion of the wound. (Courtesy Burg., Gynec. Sc Obat.) 

jejunum in spite of an enteroouastomosu, and this may produce undesirable 
digestive disturbances. To overcome the latter and at the same time to obtain 
added length to the jejunal loop, we have made use of the “Y” anastomosis of 
Roux during the past six months. A suitable loop of jejunum beyond the 
duodenojejunal junction is isolated and divided transversely. The arcades 
may be cut across with little fear of necrosis of the bowel ends. The distal 
end is inverted' by two layers of silk. It is now approximated to the stump 
of the esophagus retrocolicallv, and an end-to-side anastomosis is accomplished 
in the usual manner. The proximal end of the divided jejunum is now anas¬ 
tomosed to the distal loop, end-to-side, about 8 to 30 inches helow the csophago* 
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jejunal suture line. .(Fig. 7.) The patients who have liad tins type of anas¬ 
tomosis have been singularly free of the upper abdominal digestive disturb¬ 
ances usually encountered in the ordinary loop anastomosis. It would seem 
that the proximal loop dilates and takes on the function of a reservoir for food 
and that puddling in the afferent loop is thereby prevented. I am suggesting 
this technical step as a possible improvement over the operation usually done 
for total gastrectomy. 



Klg. (|.— A, Further stage In the repair of the wound. Before closure of the abdominal portion, 
a jejunostomy Is performed. B, Completed closure. (Courtesy Surg., Gynec. & Obst.) 


Postoperative Care .—The postoperative care of the patients subjected to 
these operations is of great importance. Every patient is routinely placed in an 
oxygen tent immediately after operation. Thorough sedation during the first 
twelve to twenty-four hours is important because these patients do a lot of 
thrashing about during this time. Penicillin is administered parenterally. The 
chest is watched for accumulations of fluid and air. The most common site 
for trapped air is anteriorly below the clavicle on the left side. A tympanitic 
percussion note associated with dyspnea cn the part of the patient calls for 
immediate aspiration. This should not be too long delayed. The clinical ap¬ 
praisal of the chest is probably more important than the routine bedside x-ray. 
Jejunostomy feeduigs may be started the day after operation. Of course, it is 
unnecessary to emphasize the importance of transfusions both during the 
operation and postoperative period. Swallowing is interdicted until the fourtli 
day, when sips of water may be permitted. The quantity is rapidly increased 
until the seventh or eighth day, when junkets, custards, and gelatins are added 
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to the diet Thereafter the food intake may he stepped up so that the patient 
ia able to enjoy practically a full diet by the end of the third week. 

It has been astonishing to see these frequently debilitated patients go 
through these extensive resections with the postoperative chart simulating 
that of an interval appendectomy. The rapidly dimi nishing mortality rate 
of theso operations has emphasized the importance of a combination of features. 



Fig, 7. —Diagrammatic ropreaentation of tho completed operation of total gastrectomy per- 
formed through a combined abdominothoracic IncLalon and showing tho T-anastomoala of the 
Jejunum, About 18 Inches beyond tho duodenojejunal Junction the jejunum and It* meaentory 
has been divided. The distal end la brought through an opening in the mcaocolon and acwod 
to the opened end of the esophageal stump In tho uauni manner. The proximal end of jejunum 
la lmplantod end-to-alde Into the distal portion below the mesocolon. 

These may be enumerated' as (1) cnrefnl preoperativc preparation, (2) expert¬ 
ly administered anesthesia, (3) atraumatic surgery with minimal loss of blood, 
free exposure, and accurate suture methods, and (4), careful attention to the 
many details of the postoperative care. The increasing number of long sur- 
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rivals following these operations is indicative of the fact that we are becoming 
aware of the necessity for a thorough cancer operation which includes the wide 
removal of the cancer-bearing foeus and all of its associated lymphatic tribu¬ 
taries. Until the exact cause of this disease becomes evident, our only hope in 
attaining an increasing percentage of cures is that patients will be referred at 
an earlier date for surgical treatment than has been the ease heretofore. 

DISCUSSION 

DR. RUBIN M. LEWIS, Philadelphia, Pa.—Developments of all kinds have to come 
in their chronological order: most people who have had to do with upper abdominal surgery 
have found it preferable to use a one-incision approach. The incision we suggested is, per¬ 
haps, not entirely original for I am sure we picked up some ideas elsewhere. The impress¬ 
ing thing about the approach, and in contradistinction from the approach suggested by Dr. 
Oarlock, is that we have recently become more and more impressed with the necessity for 
transverse incision, especially through the rectus muscle. I had occasion to examine one 
of these wounds about thirty days postoperativelj', and found an excellent repair from a 
transverse rectus incision. 

The danger of herniation through a transverse incision is a little less than through a 
vertical incision. The exposure that one gains by coming down either' through the bed 
between the eighth and ninth ribs, or taking out the ninth rib, as we suggested, and going 
transversely across the rectus gives a much better exposure to the abdominal cavity nnd 
certainly gives an excellent exposure to the lower thorax, and perhaps a little more room 
than one can get with a vertical rectus incision; if the room is not adequate for a total gas¬ 
trectomy, the right rectus incision may be used with this incisional approach. 

DR. G. II. HUMPHREAS, New A ork, N. Y.—We have used the combined incision, 
such as Dr. Lewis described, starting with an obliquely transverse incision across the upper 
abdomen to determine operability. It is good for exploration, and through it a gastros¬ 
tomy can be done if the lesion is inoperable. Then, by placing the patient in such a way 
that the table can be rotated, the patient is rotated and the incision carried upward into the 
chest, either excising the eighth rib or going through the eighth interspace and, if neces¬ 
sary, dividing the eighth and seventh ribs if the lesion runs as high as the pulmonary liilus. 
It has been very satisfactory. 

I would also like to make one comment, on something Dr. Kay said about the desir¬ 
ability of doing an esophagogastric anastomosis rather than an esophagojejunal anastomosis. 
The results of our cases where only a very small stump of the stomach remained have been 
very disappointing. It seems to us that these patients have a great deni of difficulty with 
pyloric spasm, perhaps because there is not sufficient peristaltic activity in the remaining gns- 
tric stump. If the lesion is so large that most of the stomach has to be removed, it is 
probably better to do a total gastrectomy than a partial gastrectomy and try to pull a small 
gastric stump up into the chest. 

DR. LOUTS R. DAVIDSON, New York, N. Y.—I should like to add my testimony rela¬ 
tive to the advantages which are obtained with the use of the combined thoracoabdominal 
incision. Surgeons in New York have been stimulated by the work of both Dr. Garlock and 
Dr. Humphreys. In many instances the thoracic approach becomes confounding nnd the 
surgeon wonders whether he is doing the proper thing for the patient by merely opening the 
chest, incising the diaphragm, finding much to his consternation that he hns an inoperable 
case, and of necessity backing out. 

I was fortunate in witnessing Dr. Humphreys use his combined incision, and feel that 
he did not sufficiently emphasize the fact that he makes liis abdominal incision first, and 
then after ascertaining that the lesion is operable, he continues in the fashion Dr. Garlock 
described. 
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I should like to add one point in regard to the incision. It is parallel with the eighth 
rib, as you saw, and runs down to the abdomen in the same direction. The exposure Is 
magnificent. 

In a ease which was operated upon by me six weeks ago, we had adequato exposure, 
removing a little more tlinn Irnif the stomncli, about three Inches of tho esophagus, the pan¬ 
creas up to tho origin of tho coclinc axis, the spleen, and part of the left adrenal. Tho 
patient is about, walking. lie had a slight empyema. This operation coaid never have been 
completed if it had not been for the thoraeoabdominnl incision, which not only permitted 
us to nseortain whether this case wns operable but also gave very adequato exposure. 

DR. JOHN II. GARLOCK, New York, N. Y.—There is very little to add. The smooth¬ 
ness of the j amt operative coarse in these patients, nnd the rclntlre absence of pain, is quite 
different for the convalescence of the patients who have had rib resections and rib splitting. 
I tlunk the fact that we arc not removing any ribs mnv be tho explanation of that. 

I agree with Dr. Humphreys that when you are left with a small stump of stomach 
it is much easier to take out the remainder than to anastomose a short prepyloric stump. 

The pyloric spasm tho patients have ia due to the fact tlmt one cuts both vngua nerves, 
and it ia usually corrected by l>dladonon or atropine. This undesirable symptom may im¬ 
pede the patient’s progress postoperntlvely, but usually it disappears spontaneously after 
n few months. 
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P REVIOUS reports from this clinic 1 have dealt with the technique of both 
supra- and subdiaphragmatic section of the vagus nerves to the stomach 
and with the results of this procedure on gastric secretion and motility in pa¬ 
tients with peptic ulcer. The prompt relief of ulcer distress that invariably 
occurs and the objective evidence of the healing of the lesions have been de¬ 
scribed. Further work on these problems has been conducted in both the 
laboratory and the hospital, and it is the purpose of this communication to pre¬ 
sent the findings, some of which confirm and extend observations previously 
recorded. In addition, the results of gastric vagotomy in a series of intractable 
gastrojejunal ulcers will be described. 

The theoretical basis for section of the vagus nerves to the stomach in 
the treatment of peptic ulcer is relatively simple and may be summarized in 
part as follows: 

1. Present medical and surgical procedures that are effective in the treat¬ 
ment of peptic ulcer are designed to neutralize the acid gastric juice or to de¬ 
crease its production. The first is usually attempted by frequent feeding and 
the administration of alkalies, and the second by subtotal gastrectomy or x-ray 
therapy to the stomach. To the extent that these measures accomplish their 
purpose, favorable results, in general, have been secured. 

2. When an excessive continuous secretion of gastric juice is maintained 
in experimental animals, peptic ulcers appear in the stomach or duodenum, 
progress, and cause hemorrhage or perforation. This experiment of crucial 
importance was made by Wangensteen and his associates. 2 Excessive and long- 
continued gastric secretion was produced by implanting pellets of histamine 
and beeswax into the subcutaneous tissues. 

3. An excessive continuous secretion of gastric juice occurs in most patients 
with peptic ulcer. The work of the older gastroenterologists demonstrated 
that patients with ulcers, on the whole, secrete a little more gastric juice in 
response to the stimulus of food, alcohol, or histamine than do normal individ¬ 
uals. The difference is, however, not very great, and is not sufficiently uniform 
to have much diagnostic value. It is in the activity of the empty stomach that 
the more striking contrast is seen. This is best determined at night when the 
patient is shielded from the sight and odor of food, and the stomach has been 
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carefully emptied nnd lavaged. A Levine tubo is introduced through the nose 
into the stomach and constant suction maintained for twelve hours until the 
following morning. Under these conditions, an average of 250 to 400 c.c. of 
fluid Is obtained from the stomach of normnl adults nnd of patients with gall 
stones, regional enteritis, and miscellaneous diseases other than peptic ulcer. 
The free acidity of this aspirate ranges between 0 nnd 20 clinical units, indicat¬ 
ing that the output of the pariotnl cells is small and thnt considerable dilution 
and buffering hnve occurred. Patients with duodcnnl ulcer, on the other hand, 
have uniformly l>cen found to yield under identical conditions a night secretion 
of ,600 to 2,500 c.c. with free acidity of 40 to 110 clinical units. If this is 
-cfflculated in terms of hydrochloric acid content, it is apparent thnt the ulcer 
patient secretes from two to ten times ns much acid ns does the normnl individ¬ 
ual when there is no obvious stimulant to the gastric glands. 

4. Section of the vagus nerves to the stomach reduces the secretion of 
gastric juice in normal animals and in patients with peptic ulcer to an even 
greater degree. The classic researches of Pavlov first demonstrated that the 
secretion of gastric juice which occurs in dogs in response to the sight, odor, 
or taste of food is abolished by cutting the vagus nerves. Precise dntn con¬ 
cerning the relative proportion of the total gastric secretion thnt is due to 
these reflexes over the vagus nerves has been difficult to obtain. It has long 
been known that secretion persists after complete vagotomy when food is present 
in the stomach or upper intestine. This is mediated by humoral, nnd possibly 
other factors, but its volume is uncertain. Orbeli 1 prepared an isolated Pavlov 
pouch in a dog and collected 23.8 c.c. of gostric juice in a seven-hour period 
following the ingestion of 100 Gm. of meat. Tho vagus nerves to the pouch 
were then divided, and wheu the experiment was repented, the secretion fell 
to 4.3 c.c., or approximately ono-fifth of the previous figure. Apparently, no 
attempt was made to collect the twenty-four hour secretion from the pouch 
lrcfore and aftor vagotomy. We are now studying this problem in our labora¬ 
tory, and n detailed report will bo mnde elsewhere. The eutirc stomach of the 
dog is isolated by transection at the eardia nnd pylorus.' The ends arc closed, 
and a suitable cannula is inserted to collect the gastric jnice. Care is taken 
not to interfere with the blood and vagus nerve supply to the isolated stomach. 
Continuity of the alimentary tract is re-established by anastomosing the lower 
end of tho esophagus to the duodenum or to the side of tho jejunum. With 
such a preparation, it is possible to collect all of the gastric secretion for poriods 
of several weeks to a month or longer. One such animal secreted an average 
of 1,100 c.c. of gastric juice per twenty-four hours for a two-week period, with 
a free acidity of 116 clinical units. This foil to on nvernge of 410 c.c. with 
a free acidity of 30 clinical units after division of the vagus nerves above the 
diaphragm. A second animal Bccrctcd an average of 600 to 800 c.c. with n 
free acidity of 33 to 90 clinical units before vagotomy, and this was reduced to 
40 to 100 c.c. with a free acidity of 0 to 12 clinical units after the vagus section. 

It iB clear that in such a preparation neurogenic factors play a much 
greater role than humoral or other influences in determining the total volume 
of gastric juice produced in twenty-four hours and es]>ecially the output of acid. 
In the first case, the acid secreted was reduced by the vagotomy to onc-tonth 
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of the original amount, and in the second, to about one-sixtieth of that originally 
produced. 

It is probable that a similar or even greater reduction in gastric secretion 
is produced by vagotomy in patients with peptic ulcer. It has been a standard 
procedure in this clinic to determine the night secretion in ulcer patients before 
and after section of the vagus nerves to the stomach. To date, such data have 
been obtained on 105 patients. The acid output of the stomach has been 
reduced by the operation to one seventh of the preoperative average and falls 
within the range of that found in normal individuals. This proves that the 
increased continuous secretion in ulcer is neurogenic in origin and is dependent 
upon a seci'etory hypertonus in the vagus nerves. Observations on the effect 
of vagotomy on the response of the gastric glands to the stimulus of food, 
histamine, and caffeine have also been made, largely by Mr. Harry Oberhelman, 
Jr. The concentration of acid resulting from histamine and caffeine has been 
unchanged, but the volume of secretion seems definitely reduced. It is exceed¬ 
ingly difficult to subject the gastric glands to the normal stimulus of food and 
then measure the volume of gastric juice produced. Data to date have been 
limited to the measurement of the concentration of free acid in fractional 
samples of gastric content removed at vaiying intervals after the meal. These 
will be reported elsewhere. They show that, whereas the well-known curve 
of increasing acidity of the gastric content was the rule before operation, after 
the vagotomy the gastric secretion was so reduced that free acid was not found, 
although fractional samples were studied for as long as five horn's after ingestion 
of the meal. 

The relief of ulcer distress following vagotomy has been so uniform, prompt, 
and complete as to suggest that the stomach has become anesthetic through 
removal of its sensory nerve supply. This is, however, not the case. Most of 
the patients subjected to subdiaphragmatic vagotomy have been given a spinal 
anesthetic. Under these conditions, mobilizing, pinching, tying, and cutting 
the vagus nerves have caused no sensation. A more crucial experiment was 
performed on two patients with duodenal ulcer who were experiencing severe 
distress when they entered the hospital. This distress was relieved temporarily 
by emptying the stomach but recurred in severe form when 200 c.e. of 0.5 per 
cent hydrochloric acid solution were instilled into the stomach (Palmer’s acid 
test). Following vagotomy, both patients experienced immediate and complete 
relief. On the third day, while the patient’s attention was diverted, the Wan¬ 
gensteen suction apparatus was disconnected and 200 c.c. of 0.5 per cent 
hydrochloric acid, warmed to body temperature, were injected slowly through 
the Levine tube into the stomach. Within ten minutes, severe epigastric pain 
similar in character to the previous distress appeared, and this was promptly 
relieved by withdrawing the injected acid. These findings suggest that the 
relief of pain produced by vagotomy is due chiefly to the marked reduction in 
the acidity of the gastric content. Doubtless, the reduction in the tonus and 
motility of the stomach also plays an important role, but the relief is certainly 
not due to anesthesia. 

That section of the vagus nerves to the stomach causes the ulcere to heal 
is indicated by the persistent relief of symptoms in spite of cessation of all 
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medication and dietary restrictions, gain in weight, and evidence of healing 
as determined by fluoroscopic study, i.e., disappearance of craters and lessening 
of deformities. In two cases of long-standing large gastric ulcers, these criteria 
have been supplemented by direct visualization with the gastroscope. Following 
vagotomy, the ulcers healed, and the mucosa in the ulcer area became nearly 
normal in appearance. Gastrojojunal ulcers arc notoriously difficult to treat, 
spontaneous healing rarely occurs, and consequently, the response of these 
ulcers to vagus section is of more than usual interest. The following abbreviated 
protocols contain most of the relevant data in ten patients with gastrojojunal 
ulcers who have been treated to date in this clinic by gastric vagotomy. 

I. 0., a male aged 27, was first seen Jan. 12, 1943, complaining of epigastric pain 
coming on after meals and relieved by taking food or alkali. In 1030, n gastroenterostomy 
was performed for ulcer with obstruction. Tlie distress mis relieved temporarily but 
recurred in a few months. The patient frequently had diarrhea daring exacerbations and 
occasionally had tarry stools. X-ray examination reretilod n large crater in the jojunum 
near the gastroenterostomy with marked deformity nnd almost complete obstruction of tho 
duodenal bulb. On Feb. 3, 1943, n subtotal gastrectomy was performed. The patient was 
relieved of symptoms for flvo months and gnined much weight. Ho then began having 
severe epigastric pain and tarry stools. X-roy revealed a stoma ulcer. The patient was 
readmitted Juno 30, 1944, and a transthoracic vagotomy was performed. Following tho 
vagotomy, the night pain disappeared. Crnmplikc epigastric pain appearing during the 
course of eating persisted, however, but vanished when the patient adopted the practice of 
eating slowly and small amounts at more frequont intervals. X*my examination revealed 
complete healing of the ulceT. This probably represents a favorable response to vngotoray 
so far as healing of the ulcer is concerned, but persistence of symptoms due to tho sub¬ 
total gastrectomy. 

C. B v a mole aged 42, was first admitted to this clinic Nov. 7, 1944. He complained 
of epigastric distress occurring several hours after meals and at night ever since he was 
10 years old. The ingestion of food, or milk nlwnys relieved the pain. In 1928, a posterior 
gastroenterostomy wns performed for daodenol ulcer. Following this operation, his abdominal 
pain persisted and he developed diarrhea. Ho was operated upon again in 1930, nt which 
time a gastrojejunocolic fistula was found. This wns closed, and the gastroenterostomy 
taken down. The epigastric pain persisted, nnd in 1038 a subtotal gastrectomy was per¬ 
formed. This provided temporary relief, but early in 1044 symptoms recurred, and x-ray 
examination revealed a gnstrojejunal ulcer. Medical management provided only partial and 
temporary relief, and he began to vomit. X-ray examination in this clinic, November 14, 
revealed a largo jejunal nicer. On November 18, a transthoracic supradiaphragmatic section 
of the vagus nerves wns performed. Recovery was uneventful. On Feb. 28, 1045, x-my 
examination revealed a decrease in the sire of the ulcer crater. The opignetric distress 
improved, and he began to eat very well, but was severely injured in an automobile accident 
in 1045. He was readmittod April 19, 1046, because of epigastric distress. Tho pain was 
not like the previous ulcer distress, but more a feeling of distention, coming on immediately 
after meals and not relioved by alkali, with no nausea or vomiting, but occasional sudden 
feelings of weakness. He left the hospital suddenly April 23, 1945, before studies wore 
completed. Dr. Warren Cole has subsequently informed us tlrnt ho performed a total 
gastrectomy on this patient because of obstructive symptoms. At this time, examination 
of tho resected specimen showed thnt the ulcer luul healed. 

M. B., a male aged 50, wns first seen in this clinic on June 20, 1942. Twelve years 
before, he began to have epigastric distress nnd consulted n phystcinn, who made a diagnosis 
of duodenal ulcer. He wns plttred on medical management ami did fairly well until ten 
days before entering tlio hospital, when ho developed severe epigastric pain and had n 
massivo hemorrhage. Subsequently, x-ray studies showed a duodenal ulcer with a large 
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crater. X-ray therapy to the stomach was given and considerable improvement resulted. 
In November, 1942, he developed obstructive symptoms, and a posterior gastroenterostomy 
was performed. He was well for one year following this operation; then symptoms recurred, 
and x-ray exa mina tion revealed a gastrojejunal ulcer. Medical management failed to give 
relief. On Nov. 8, 1944, the gastroenterostomy was taken down, and on November 24, a 
transthoracic supradiaphragmatic section of the vagus nerves was performed. Recovery was 
uneventful. When last seen in July, 1940, he reported that he had experienced no ulcer 
distress since the operation, had gained 40 lbs. in weight, and was eating a liberal diet and 
taking no medication. This represents a successful result to date, but is complicated by 
the taking down of the gastroenterostomy. 



Fig. 1. Fig. 2. 

Fig. 1.—Large gastrojejunal ulcer crater in patient G. P. appearing eleven months after 
subtotal gastrectomy. 

Fig. 2.—Same patient as in Fig. 1, showing decrease in sire of ulcer crater forty-nine days 
after section of vagus nerves to the stomach. 

J. W., a male aged 60, was first seen in this clinic Sept. 15, 1942. He gave a history 
of epigastric distress for the previous twenty-five years. In 1936, a gastroenterostomy was 
performed. Epigastric distress recurred in 1940, and x-ray examination revealed a gastro¬ 
enterostomy, and just above it, a large gastric ulcer. The ulcer was visualized with the 
gastroscope. X-ray therapy to the stomach was given, and on December 22, the ulcer dis¬ 
appeared and was not demonstrated on either x-ray or gastroscope examination. In August, 
1943, symptoms recurred, and the ulcer reappeared at x-ray and gastroscopy. Strict man¬ 
agement was instituted with some decrease in the size of the ulcer, but this increased again 
in the latter part of 1944. On Nov. 27, 1944, a transthoracic supradiaphragmatic section 
of the vagus nerves was performed. Recovery was uneventful, but was complicated by 
persistent pain in the region of the incision. When last seen in September, 1946, he still 
complained of pain in the region of the chest incision. His ulcer distress was relieved from 
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tJifl time of the operation, trad no dietary restrictions were followed. No medication whs 
taken. This has beon n successful result to date except for tho persistence of pain in tlio chest. 

A. W., a ranle aged 47, was first admitted to tho clinic on Nov. 24, 1044. Ho com¬ 
plained of epigastric distress which had boon present for tho previous fifteen years. A 
diagnosis of duodenal ulcer lmd been made. Diet and powders controlled the pain fairly 
well daring tills period. Symptoms recurred, however, and two years before entering the 
hospital a gnstroenterostomy iras performed olsowhcro. Following this operation he was 
well until four hours before admission, when he developed pain in Ids left side nnd began 



FlC. 3.—Same patient as In Fly. 1 showing complete disappearance of ulcer crater seventy-four 
days after vagotomy. 

to vomit blood. The gastric hemorrhage was controlled, ami on November £9, x-ray exam¬ 
ination revealed a woll-funetionlng gastroenterostomy with a gastrojojunal ulcer with a 
crater. On December 11, a transthoracic suprndiaphmgmatic section of the vagus nerves 
was performed. Hccovery from tho operation was uneventful except for a slight pleural 
effusion on tho left side which did not require tapping. Ulcer symptoms were entirely 
relioved, nnd x-ray examination on Jan. 9, 1940, failed to reveal tho crater at the anasto¬ 
mosis. "When last seen in February, 1940, he was free from distress, eating a regnlnr diot, 
and taking no powders. The immediate response of this pntient to vagotomy was very 
satisfactory, but the present status is unknown. 

G. P., a mnle aged 48, was admittod to tills clinic on March 2, 1944. Twenty years 
before, he first experienced abdominal pain accompanied by nansea and vomiting. A diag¬ 
nosis of duodcnnl ulcer was made. Medical treatment proved unsuccessful, nnd in 1020 a 
gnstroenterostomy was performed. This gave only temporary relief, nnd in 1939 x-ray studies 
revealed a gastrojojunal ulcer. He continued to have epigastric distress with occasional 
bouts of vomiting during the ensuing five years. When ho onterod tho clinic, x-ray exam- 
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ination of the stomach March S, 1944, revealed a large gastrojejunal ulcer. On April 3, the 
gastroenterostomy was taken down, and a subtotal gastrectomy was performed. Symptoms 
were entirely relieved until February, 1945, when the abdominal pain returned. X-ray 
examination on Feb. 14, revealed the reappearance of a very large gastrojejunal ulcer (Fig. 
1). On March 12, a transthoracic supradiaphragmatic section of the vagus nerves was 
performed. Immediate relief followed this operation, and he was able to eat a liberal diet 
without medication. Subsequent x-ray studies on April 30 (Fig. 2), showed decrease in the 
size of the crater, and on May 25 (Fig. 3), complete disappearance of the crater. When 
last seen in October, 1946, he was entirely well, eating an unrestricted diet without distress 
and with no medication. This represents a dramatically favorable response of an excep¬ 
tionally large jejunal ulcer to vagotomy. 



Fig. 4. Fig. 6. 

Fig. 4.—Large gastrojejunal ulcer crater in patient M. S. appearing six months after 
subtotal gastrectomy. 

Fig. 6.—Same patient as In Fig. 4, showing decrease In size of ulcer crater twenty-four 
days after vagotomy. 

M. S., a male aged 36, was first seen on Aug. 29, 1938. For the past two months he 
had been complaining of typical ulcer distress and x-ray examination revealed a duodenal 
ulcer with a crater. Symptoms were controlled for a time on medical management, but 
recurred in 1943, at which time a subtotal gastrectomy was performed. At operation, a 
cltronie duodenal ulcer penetrating into the pancreas was found. Six months after the 
operation a recurrence of symptoms developed, and a gastrojejunal ulcer was demonstrated 
at x-ray. X-ray therapy to the stomach was then given with relief of symptoms, and there 
was apparent disappearance of the ulcer. The ulcer recurred in six months (Fig. 4) and 
pain became severe. On March 23, 1945, a transthoracic supradiaphragmatic section of the 
vagus nerves was performed. Recovery was uneventful, and the patient was entirely relieved 
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of ulcer distress. X-ray examination on April 10, revealed definite decrease in the size of 
tho ulcer crater (Fig. 6), and on May 9, complete disappearance of the crater (Fig. 6). 
■When Inst seen in August, 1040, he was working regularly, eating an unrestricted diet with¬ 
out medication, and stated he had experienced no ulcer distress since the operation. This 
represents a strikingly favorable response of a large jejunal ulcer to vagotomy. 

J. "V., a rnalo aged 60, was admitted Joil 11, 1040, complaining of epigastric distress, 
coming on one to two hours after meals, of twenty-four years' duration. In 1923, the patient 
had n partial gastrectomy. Following this ho was free of symptoms until four years ago 
when the ulcor distress recurred. Tho patient had tarry stools with each attack. For one 
year, pain had been severe and accompanied by vomiting. X-ray examination showed a 
large gnstrojejunal ulcer (Fig. 7). On January 2], tmnsthoracle vagotomy was performed 
by Dr. Hilgor Jenkins. Tho postoperative courso was uneventful. X-ray examination on 
April 20 showed complete healing of the stoma ulcer (Fig. 8). ‘When last seen in October, 
1040, he lutd gained 18 lb., was eating an unrestricted diet, and had no epigastric distress. 
No medication was taken at any time following operation. 



FTg. 6.—Same patient as In Fltf. 4, showing complete disappearance of ulcer crater forty-seven 
days after vagotomy. 


A. IV., a mnlo aged 69, was first seen on Jan. 10, 1940 with tho complaint of burning 
epigastric pain of ono and ono-lialf years' duration. The distress came on nbout two hours 
after monls nnd was usually relieved for an hour or two by food, milk and cream, or alkali. 
Ho got along fairly well until three years ago, when intensive medical treatment for ono 
year failed and a gastroenterostomy was done. The patient was symptom-free for nbout 
six months. The pain then recurred, line been more severe, and food and alkali have lmd 
less palliative effect. Thero was no history of perforation, stenosis, or hemorrhage. X-ray 
examination on Jon. 23, 1046, revealed a patent gastroenterostomy, at least one clean-cut 
jejunal ulcer, nnd prolwibly a second shallow ulcer. Transthoracic vagotomy was performed 
February 11, and the postoperative courso wns entirely uneventful. lYhon last seen in July, 
1046, ho had gained 10 lb., was working dally, nnd had no distress although ho wns eating 
nn unrestricted diet and taking no medication. 
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M. S., a female aged 41, was admitted May 14, 1946, complaining of peptic ulcer of 
eighteen yenrs’ duration. In 1932, this patient had a gastroenterostomy performed for 
perforating duodenal ulcer. She had had symptoms for seven years previously. She was 
entirely well for five or six years after this, but then began to notice periodic gnawing 
epigastric pain coming ou one and one-half to two hours after meals and relieved by milk. 
Each spring and occasionally in the fall, she would have an episode lasting five to eight 
days of vomiting, severe headache, and tarry stools. The patient was seen here in the medical 
clinic Oct. 19, 1943, at which time x-ray disclosed a moderate stenosis of the gastroenter¬ 
ostomy stoma until a definite crater. On medical treatment, including x-ray therapy, the 
crater disappeared and the patient felt well until eight months before admission. She then 
began having epigastric distress, and six weeks before admission had a massive hemorrhage. 



Fie. 7. Fie. 8. 

Fig. 7.—Gastrojejunal ulcer crater in patient J. V. appearing four years after partial 
gastrectomy. 

Fig. 8.—Same patient as In Fig. 7, showing complete disappearance of ulcer crater ninety- 
five days after vagotomy. 

The patient’s father has had a subtotal gastreetomy for peptic ulcer, and three brothers all 
have peptic ulcer. The patient had chorea at the age of 9, and now has evidence of mitral 
insufficiency and stenosis without history of heart failure. Preoperative x-rays demonstrated 
a stomal ulcer in October, 1945, with considerable narrowing. In April, 1946, the crater 
could not be visualized, but the stoma was almost completely obstructed. The transthoracic 
vagotomy was performed on May 17, 1946. Postoperative recovery was uneventful except 
for three days of unexplained lethargy and semistupor. Patient was discharged on the tenth 
postoperative day. One month after operation, the patient had no ulcer pain or distress, 
no diarrhea, no dietary restrictions, and no medication. She still 1ms occasional pain in her 
incision. X-rays show the gastroenterostomy to be functioning normally without evidence 
of crater. 

DISCUSSION 

The dramatic healing of large gastrojejunal ulcers as a direct result of 
section of the vagus nerve supply to the stomach is perhaps the best evidence 
of the therapeutic effectiveness of this procedure. Spontaneous healing of these 
lesions rarely occurs, and they are often refractory' to the most rigid dietary 
and medical management. In addition to pain and distress resulting from the 
presence of the ulcer itself, many of these patients suffer from obstructive 
symptoms due to deformity of the jejunum and secondary inflammatory reac¬ 
tion of the neighboring tissues. It is important to recognize this complication 
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since, of course, tho obstmction is often not relieved by the vagotomy oven 
though the ulcer heals nnd gastric retention may become even more marked 
as a result of tho decrease in tonus and motility of the stomach. Our second 
case falls in this category, and the patient was dissatisfied with the operation 
because of the persistence of obstructive symptoms. Recurrence of ulcer fol¬ 
lowing subtotal gastrectomy is occasionally complicated by symptoms arising 
as a result of the absoncc of a large part of tho stomach or from distention of 
tho portion of jejunum employed for the anastomosis. These factors are prob¬ 
ably illustrated by our first case. This patient was a sailor and was accustomed 
to bolting his food. Vagotomy relieved his ulcer pnin nnd brought about 
disappearance of his ulcer crater, but he continued to experience epigastric 
distention nnd cramps during meals. This was relieved when ho adopted the 
practice of eating small amounts of food at more frequent intervals. 

Complete division of the vagus nerve supply to tho stomach may be ac¬ 
complished by the thoracic or abdominal operation. Tho better exposure of 
tho lower esophagus secured when the left chest is opened makes it somowhnt 
easier to isolate the vagi nnd to make certain all gastric fibers are divided. 
The use of this approach in gastrojejunal ulcers following subtotal gastrectomy 
or other multiplo abdominal operations has tho additional advantage of avoiding 
tho sometimes troublesome adhesions commonly present An undeniable dis¬ 
advantage results from inability to examine the lesion directly and to deal with 
obstruction, should it lie found. In two recent gastrojejunal ulcers treated 
by us nnd not included in this report, vagotomy was accomplished easily by 
tho abdominal operation. Further experience is necessary before a final deci¬ 
sion regarding the best approach for vagus section in these lesions can be 
reached. Individual factors such ns body contour and amount of fat also 
hear on the problem. 

Tho finding that gastrojejunal ulcers heal following vagotomy is of intorest 
in connection with the employment of gastroenterostomy in ulcer patients. In 
many clinics, this operation has liecn entirely abandoned or used only in old 
people with high-grndo cicatricial pyloric stenosis and low acid concentration 
in the gastric secretion. For the mast part, the high incidence of gastrojejunal 
ulcer has been responsible for this disfavor. To date, we have employed 
transabdominal vagotomy plus gastroenterostomy in fifty patients with duodenal 
nicer. Many of these had pyloric obstruction ns indicated liy symptoms and 
fluoroscopic examination. The results so far have been excellent, and no 
secondary Btomnl ulcers hnvo developed. Whilo the poriod of oliservntion is 
still too abort for this data to he of significance, it seems highly probable that 
since vagotomy permits an nlready established stomnl ulcer to heal, a now 
lesion of this type should not develop in a normal mucosa. 

CONCLUSIONS 

1. Ten patients with gnstrojojimal ulcers following gastroenterostomy or 
partial gastrectomy have been treated by supradiaphragmatic section of tho 
vagus nerves to tho stomach. Ilenling of these lesions has been secured, ns 
evidenced by reliof of distress and by fluoroscopic demonstration of disappear¬ 
ance of largo ulcer craters. 
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2. The relief of ulcer distress uniformly produced by vagotomy is not 
due to anesthesia of the stomach. This is indicated by the immediate reappear¬ 
ance of typical pain when acid is instilled into the stomach during the first 
few days after operation. 
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DISCUSSION 

DB. D. T. SMITH, Durham, N. C.—One of our surgeons at Duke, Dr. Keith Grimson, 
has performed this operation of Dr. Dragstedt’s on about thirty patients in the last two 
years. In each case the approach was the supradiaphragmatic. 

We have a whole team working on the problem, which requires the cooperation of 
roentgenologist, gastroenterologist, and neurologist. In all cases the pain has been relieved 
immediately and there lias been no recurrence of bleeding in any of these patients. All 
patients have good appetite and are free of pain, but many overindulge in food. Some of 
them have developed large dilated stomachs and they have learned to massage manually to 
force the excess food through the pylorus. 

DB. FRANK B. BEBBY, New York, N. Y .—I should like to ask Dr. Dragstedt one ques¬ 
tion. That is the question of pylorospasm, as an after-effect of vagectomy. 

Some of the neurosurgeons have told me tlmt the operation is impracticable because 
of this complication, and pyloroplasty will necessarily follow. Inasmuch as Dr. Dragstedt 
has been performing this oporation for three years, I would like to know his late results. 

DB. LESTEB- B. DBAGSTEDT, Chicago, Ill.—With regard to the question of pyloric 
spasm following vagus section, I think it is true tlmt a long-continued increase in the tonus 
of the pylorus is produced by vagotomy, but if there is not cicatricial obstruction of the 
pylorus, it does not seem to cause subsequent difficulty. In the majority of our patients ulcers 
were present in the duodenum. There was considerable deformity of the bulb and spasm, but 
following transthoracic vagus section, these patients, with the exception of two, have been 
relieved and eat large amounts of food. They have gained a great deal of weight and 
have had no subsequent gastric distress. 

One of the patients went out on a picnic, ate a great amount of food and watermelon 
three months after the operation, and came to the hospital with an acute dilatation of the 
stomach. We decompressed lum, operated upon him, and found a fibrous stenosis at the 
pylorus. The lumen had been decreased. We did a gastroenterostomy and subsequently he 
has remained well. 

One problem for which I have no adequate answer is the degree of pyloric obstruction 
that will require gastroenterostomy in addition to the vagus section. It is difficult to defer- 
mino. At the present time I follow this rule. If the patient gives a clinical story of retention 
with repeated vomiting, a gastroenterostomy is performed. 



AN ANNOUNCEMENT OF OPPORTUNITIES FOR THORACIC SURGEONS 
IN VETERANS’ ADMINISTRATION HOSPITALS 


Brian Blades, M.D. 

Washington, D. C. 

G ENERAL HAWLEY asked mo to appear before this Association to empha¬ 
size tho need for thoracic surgeons in Veterans’ Administration Hospitals. 
In order to attract desirable surgeons, three factors have been considered: 
(1) provisions for largo enough surgical services to furnish an adequate volume 
of clinical material and opportunities for clinical research; (2) adequate pay; 
and (3) freedom from administrative duties which will interfere with profes¬ 
sional work. 

It is possible to state without qualification that opportunities for clinical 
research in thoracic surgery aro available in many veternus’ hospitnls, particu¬ 
larly in the field of tuberculosis. 

Financial remuneration is based on the surgeon’s previous training and 
ability. Men certified by their respective specialty boards receive 25 per cent 
more base pay. This is, of course, an obvious attempt to attract well-trained 

surgeons. 

The Department of Medicine and Surgery in tho Veterans Administration 
is no longer under Civil Service. Every attempt is being mndo to eliminate 
nonprofessional administrative duties which would obstruct a pleasant and 
useful professional career. 

There has been the inevitable confusion during tho period of reorganiza¬ 
tion. Many applications for positions in Veterans Administration hospitals have 
not been acknowledged promptly. Tho plan of organization is not generally 
understood and in some instances applicants lmvo obtained conflicting opinions. 
For tliis reason I should like to describe very briefly tho present organization. 

In tho Department of Medicine and Surgery headed by tho Chief Medical 
Director, General Hawley, all of the principal medical and surgical specialties 
nro represented at tho central office by directors in the particular field. Dr. 
Elliott C. Cutler is the Chief of Professional Services. 

One of tho first objectives in the development of veterans hospitals is to 
docontralizo the organization. Accordingly, branch directors iu the various 
specialties have been appointed for the thiitecn branch areas into which the 
country is divided (Figs. 1 and 2). The appointment of tho branch director 
in thoracic surgery in Area No. 11 has not been made but will be announced soon. 

In cities where the geographic location of medical schools make it feasible 
to havo the school or schools assume the responsibility of staffing hospitals, 
the Dean’s Committee Plan is in operation if the school is trilling to cooperate. 

Read at the Twenty-aixth Annual MeeUne; of Tho American Aaroclntlon lor Thoracic 
Surgery. Dotroit, Mich., May 39. 30, and 31, 1946. 
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VETERANS ADMINISTRATION AFTER REORGANIZATION 

Wit-h Control and Supervision in 13 Branch Offices to Break toe V&jhtn^on Bottleneck 



Fig; 2.—Slap Miowlnir tho location* of the branch area and regional offices of the Veteran*' Administration. 
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Table I. Branch Directors in Thoracic Surgery 


name and address 

| AREA 

| LOCATION OF BRANCH OFFICE 

Dr. Gustaf Lindekog 

Yale University Medical School 

1 

Boston 

New Haven, Conn. 

Dr. Warriner Woodruff 

8 Cliurcli Street 

2 

New York 

Saranac Lake, N. Y. 

Dr. Edward M. Kent 

University Club 

3 

Philadelphia 

Pittsburgh, Pa. 

Dr. Everett Drash 

Univ. of Virginia 

4 

Richmond 

Richmond, Va. 

Dr. Edward P. Parker, Jr. 

70 Hasell Street 

5 

Atlanta 

Charleston, S. C. 

Dr. William M. Tuttle 

307 David Whitney Bldg. 

0 

Columbus 

Detroit, Mich. 

Dr. Joseph Gale 

Univ. of Wisconsin 

7 

Chicago 

Majdison, Wis. 

Dr. 0. T. Clagett 

Mayo Clinic 

8 

Minneapolis 

Rochester, Minn. 

Dr. Thomas Buford 

Dept, of Surgery Barnes Hosp. 

600 South Kingsliigluray 

9 

St. Louis 

St. Louis 10, Missouri 

Dr. Michael DeBakey 

Dept, of Surgery 

Tulane Medical School 

10 

Dallas 

New Orleans, Louisiana 

Dr. Paul Samson 

2938 McClure 

12 

San Erancisco 

Oakland, California 

Dr. John B. Grow 

Fitzsimons Gen. Hosp. 

13 

Denver 

Denver, Colorado 



The Dean’s Committee has authority to nominate for appointment residents, 
attending surgeons, and senior consultants, and is charged with the responsi¬ 
bility of the educational program in the hospital. It is necessary, therefore, 
to make application directly to the Dean’s Committee for positions in hospitals 
supervised by the medical schools. The Research and Education Service, 
directed by Dr. Paul B. Magnuson, is responsible for the Dean’s Committee 
Program. 

In hospitals not supervised by medical schools, applications for positions 
may be made directly to the branch medical director, central office, or to the 
manager of the hospital. 

There is not sufficient time to discuss in detail the various available posi¬ 
tions and pay schedules. Complete information concerning opportunities in 
thoracic surgery in Veterans Administration hospitals may be obtained from 
the branch director or from the central office. 




DIAGNOSIS OP TETRALOGY OP PALLOT AND INDICATIONS 
FOR OPERATION 


Helen B. Taussig, M.D. (by invitation)* 
Baltimore, JId. 


T HE four features which characterize the tetralogy of Fnllot are pulmonary 
steuosis or ntresia combined with dextroposition of the aorta, n high 
ventricular septal defect, and right ventricular hypertrophy. 

The characteristic clinical findings are cyanosis and clubbing, a heart of 
normal size, usually a basal sjutolic murmur, and a puro second sound. The 
electrocardiogram shows a right axis deviation. The x-ray shows an absence 
of the normal fullness of tho pulmonary conus and clear lung fields. Fluoros¬ 
copy shows no pulsations at the hilar of the lungs. 

There are many variables. The systolic murmur may be quite loud or en¬ 
tirely absent. The second sound may be dimiuished or accentuated; it is 
never reduplicated. Cyanosis may be marked or slight, depending upon the 
degree of the oxygen unsatnration and the height of the red blood count. The 
oxygen saturation of arterial blood is also subject to great variation (from 88 
to 10 por cent). It varies from individual to individual depending upon the 
soverity of the pulmonary stenosis, and also in the same individual from day 
to day. The exercise tolerance of the individual shows a corresponding varia¬ 
tion : some persons can walk a mile, some not at all. Operation is indicated for 
those who are sevorely handicapped. 

The operation is designed to increase the circulation to the lungs. It con¬ 
sists of an anastomosis between the proximal end of one of the systemic ves¬ 
sels to the side of one of the mniu pulmonary vessels. The operation is in¬ 
dicated only in cases in which the primary difficulty is lack of circulation to 
the lungs. It is possible only provided there is a pulmonary artery to which 
to anastomose the systemic artery and provided the pressure in the systemic 
artery is higher than in tho pulmonary artery, and finally, that the size and 
structure of the heart is such that it can ndjust to the nltered circulation. 
Fluoroscopy aids in the determination of the size and structure of the heart. 
The heart should not be enlarged. There is no fullness of the pulmonary conus 
and no pulsations in the lung fields. Usually there is an absence of hilar 
shadows. However, in patients with extensive collateral circulation these 
shadows may become pronounced but are composed of an aggregate of fine 
shadows nnd never show expnnsile pulsations. 

Tho diagnosis of a right or left aortic arch is of importance because the 
position of the aorta determines the side upon which operation is performed. 



•Abstracted nt Johns Hopkins Hospital, BnUImoro, Md. 
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THE TECHNIQUE OP CREATION OP AN ARTIFICIAL DUCTUS 
ARTERIOSUS IN THE TREATMENT OP PULMONIC STENOSIS 

Alfred Blalock, M.D. 

Baltimore, Md. 

T HIS paper consists of a discussion of some of the important technical points 
in the construction of an artificial ductus arteriosus such as Dr. Taussig and 
I have employed in the treatment of congenital pulmonary stenosis. 1-4 These 
comments, which are based upon 144 operations® upon patients who were thought 
to have an inadequate flow of blood to the lungs, are presented with the hope 
that others may be spared some of the mistakes. 

Cyanosis and Disability .—Most of our patients have shown cyanosis even 
when at rest. It is proper when a new operative procedure is undertaken that 
one should choose the patients who have the least to lose in case the operation 
should result fatally. A number of our patients have required more or less 
constant exposure to a high concentration of oxygen prior to the operation. It 
is only natural that the mortality rate in such patients will be higher than in 
those who are not so ill. A few of our patients have had' very little visible 
cyanosis tvhen at rest but have been unable to tolerate exercise. It should be 
borne in mind that it is mainty the incapacity and not the peculiar color for 
which the operation is performed. If there is a history of intolerance to exer¬ 
cise, the oxygen saturation of the arterial blood should be determined imme¬ 
diately after limited exertion. 

Age of Patient .—The patients in this series have ranged in age from 2 
months to 26 years. The youngest patient on whom the operation has been per¬ 
formed successfully was 5 months of age and the oldest was 26 years. The 
ideal age is between these extremes and probably lies between 3 and 7 years. 
The upper and lower age limits in which the operation may result successfully 
have not been determined; patients under 18 months of age should not be 
operated upon if it is thought that they will survive to a greater age. There 
are several reasons for this limitation: .(1) One can be less certain as to the 
correctuess of the diagnosis in infants; (2) the mortality rate accompanying 
operation is higher in this age group; and (3) it is frequently necessary in in¬ 
fants to utilize the innominate or the carotid artery rather than the subclavian, 
and this adds to the danger of the operation. 

Anesthesia .—General anesthesia has been induced by the use of inhalation 
agents in all of the patients. Dr. Lamont and Dr. Harmel have employed 
cyclopropane with a high concentration of oxygen in most of the operations. 
Ether with oxygen has been used in a few, and a combination of ether, cyclo¬ 
propane, and oxygen in others. It has been very gratifying to note that the 
color of most patients improved when they were anesthetized. It has not 

From Uie Department of Surgery of the Johns Hopkins University anti Hospital. 

Read at the Twenty-sixth Annual Meeting of The American Association for Thoracic Sur¬ 
gery, Detroit, Mich., May 29, 30 and 31, 1946. 

•This number has now reached 450 and a few alterations in technique have been mada 
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boon determined' whether this change is due to the fact that the patient be¬ 
comes qniet and relaxed or whether it is due to the high concentration of oxy¬ 
gen. The former wonld appear to ho more likely. 

Intravenous Fluids .—A needle is placed in a vein of the ankle prior to the 
beginning of each operation, and salt solution, or glucose solution, or both are 
administered slowly. Both blood plasma and whole blood are available. The 
latter is given only if the loss of blood is believed to be excessive. Whenever 
tho operative procedure is a proonged one, blood 1 plasma is administered. 

Stic of Incision .—Tho patient is placed on his back; the side of the chest 
on which the incision is to bo made is slightly elevated and the incision extends 
from the lateral margin of the sternnm to the midaxillaiy line. Usually the 
incision is made beneath the breast. The pleural cavity is entered through the 
third interspace and the third costal cartilage is divided. A rib spreader is 
introduced. When working on the left side, one has to take care that the re¬ 
tractor does not press against the heart and interfere with its action. 

The present plan is that the incision is made on the side opposite that on 
which the aorta descends. The reason for this is that it is desirable to gain 
access to the innominate and its branches, nnd this vessel lies on the right when 
the aorta descends on the left and on tho left when tho aorta descends on the 
right. When the innominate is exposed, one may usually choose the innomi¬ 
nate or its subclavian or carotid branches for anastomotic purposes, depend¬ 
ing upon the sire of vessel desired. Even more important, since the sub¬ 
clavian artery is the vessel usually chosen, is the fact that the subclavian branch 
of the innominate makes a much better angle with its parent vessel following 
the performance of au anastomosis than does the subclavian wliieh arises from 
the aorta. The side on which tho aorta descends can be determined by the 
method of Bedford nnd Parkinson.” The aorta has descended on the right in 38 
of our operative cases, and in these tho iucision has been made on the left. Dr. 
TauBsig has determined correctly the position of the aorta prior to tho opera¬ 
tion in all cases. 

Exposure of Pulmonary Artery .—After the pleural cavity has been opened 
and' a rib spreader has been introduced, the pulmonary artery is exposed. This 
step is facilitated when working on tho right side by preliminary ligation and 
dovision of the azygos vein. Traction on the ligature on the proximal end of 
tho azygos vein aids hi exposure of the pulmonary artery and the mediastinal 
contents. By the use of sharp and blnnt dissection, the right or left pulmonary 
artery is dissected freo of the surrounding tissues and a piece of heavy braided 
silk is placed around it. The exposure is usually more difficult on the right 
than on the left. It is necessnry to free an adequate length of the vessel and 
there is no hesitation in opening the pericardium. In the majority of the cases, 
however, the pericardial cavity has not been entered. After the braidod silk 
has been placed around the right or left pulmonary artery, the main branches 
of the vessel are exposed. In order to gain added length for the purposes of 
the anastomosis, pieces of braided silk around' these brandies replace that 
around tho larger vessel. 
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After exposure of an adequate length, of the pulmonary artery, the pres¬ 
sure -within the vessel is usually measured by the use of a needle and a -water 
manometer. If the vessel is small and the pressure -within it is obviously low, 
this test is omitted for fear of damaging the artery. A large pulmonary ar¬ 
tery with moderate pulsations does not mean necessarily that the pressure is 
high or that the flow is great or that the patient will not be helped by an anas¬ 
tomosis. The pulmonary arterial pressure was measured in 68 eases. In 56 of 
these it was less than 250 mm. of water. The most frequent reading was be¬ 
tween 150 and 200 mm. If the pressure is greater than 350 mm., it is my belief 
that the anastomosis should not be performed unless other evidence points 
strongly toward the presence of a significant reduction in pulmonary blood flow. 

Abnormalities of the pulmonary artery have presented the greatest diffi¬ 
culties that have been encountered. In two patients, one of whom was operated 
upon, there was a pulmonary artery to the right lung but none to the left. This 
is shown diagramatieally in Fig. 1. The left lung received most of its blood 
through a branch of the innominate artery. In two patients who died, the 
right pulmonary artery was small and was posterior and inferior to the su¬ 
perior pulmonary vein and was not found at operation. The pulmonary ar¬ 
tery was too small for a satisfactory end'-to-side or end-to-end anastomosis in 
four patients. In at least thirteen patients the right pulmonary artery divided 
very shortly after its origin from the main vessel. In two instances I mistook 
the vessel to the right upper lobe for the right pulmonary artery. This mis¬ 
take will probably be made frequently unless one is aware of the importance 
of identifying the right main pulmonary artery. It may be necessary to open 
the pericardium in order to expose it. If after careful freeing of the vessel 
it appears to be too short for an end-to-side anastomosis, it is advisable to ligate 
it proximally, to divide it, and to do an end-to-end anastomosis. In freeing the 
very'short and smaller vessels the walls may be so weakened by division of the 
supporting tissues that it will be difficult if not impossible to perform a satis¬ 
factory end-to-side anastomosis. 

In patients in whom the pulmonary artery is in an abnormal position or is 
absent, the superior pulmonary vein may be mistaken for the artery. I have 
had this unfortunate experience in two cases, although in both instances it was 
realized that the course of the vessel was that of a vein. Pulmonary edema 
and death resulted following the making of an anastomosis. If in doubt as to 
the nature of the vessel one should open the pericardium, but even then it may 
be difficult to be certain. 

If it is decided after freeing the right or left pulmonary artery that the 
diagnosis is correct and that the structures are suitable for an anastomosis, the 
systemic artery that is to be used is exposed. 

Exposure of Systemic Vessel .—The mediastinal pleura between the vagus 
and phrenic nerves is incised. When working on the right side, one should 
divide the mediastinal structures immediately beneath the superior vena cava. 
In patients with a good deal of collateral circulation to the lungs, this area is 



BLALOCK: ARTIFICIAL DUCTUS ARTERIOSUS FOR PULMONARY STENOSIS 247 


usually quite vascular and a number of vessels must be ligated. The innomi¬ 
nate artery can usually be palpated just to tbe left of the trachea. After some 
of tbe tissues surrounding it are freed, a piece of umbilical tape is passed' 
around tbe innominate artery by the use of a curved clamp. Traction on this 
tape and further sharp and blunt dissection will reveal the point at -which the 
innominate divides into the common carotid and the subclavian arteries. If 
the innominate artery is to be used for the anastomosis, the first portions of the 
carotid and subclavian arteries are ligated, the proximal part of the inno min ate 
is occluded with a bulldog artorial clamp, and the innominate is cut across 
just proximal to the ligatures on its branches. 



Ftc. 1.—Showlnc the absence of pulmonary artery to the left tun*. A branch of the Innominate 
artery p«*se<l to the hlla» of thl* lan*. 

It is highly desirable to use tbe subclavian artery rather than the innomi¬ 
nate if its sire is such that it will supply an adequate flow of blood to the 
lungs. It is now being used in the great majority of cases. The pleura over- 
lying the subclavian artery is incised and a greater length of tbe vessel is ex¬ 
posed. The anatomical feature which makes it most difficult to expose the sub¬ 
clavian artery is the position of the vagus with its recurrent branoh as it passes 
over the vessel In some instances the vagus is pulled medially and the sub- 
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clavian is exposed lateral to it. Usually, however, this maneuver is not nec¬ 
essary. The subclavian artery is ligated at the point -where it- gives off its 
first big branch, its proximal part is occluded -with a bulldog arterial clamp, and 
the vessel is cut across proximal to the ligature. The section of the vessel is 
usually made in an oblique direction in order to expose the circumference of 
the end. 

In an occasional patient the subclavian artery is so short that an anas¬ 
tomosis is difficult or impossible. This difficulty may sometimes be overcome 
by occluding both the innominate and carotid arteries temporarily with ar¬ 
terial clamps and removing the clamp from the subclavian artery.. This step 
leaves the entire length of this latter vessel free for anastomotic purposes. 
However, even this maneuver may not give an adequate length of vessel. Under 
such circumstances it may be necessary to ligate and divide the subclavian 
artery, to ligate and divide the common carotid artery as high as possible, and 
to use the proximal end of the carotid for the anastomosis. It should be em¬ 
phasized, however, that the carotid should be used only when the employment 
of the subclavian is impossible for it exposes the patient to the danger of a 
cerebral complication. 

Regardless of which systemic vessel is chosen, the rubbershod arterial clamp 
with which it is occluded is tied in place with a heavy ligature around the two 
arms. This accomplishes two purposes: (1) It prevents the clamp from 
becoming dislodged, and (2) it affords a means by which one may make trac¬ 
tion and thus approximate the systemic artery to the pulmonary artery. If, 
after having divided the systemic artery which is to be used, it appears that 
the arterial clamp is too near the free end, one may usually place another ar¬ 
terial clamp proximal to it and then remove the distal clamp. 

As stated previously, the innominate artery arises on the left and is di¬ 
rected to the left when the aorta descends on the right. After the mediastinal 
pleura has been divided the innominate artery can usually be found without 
difficulty even though the superior vena cava is not present on the left to serve 
as a landmark. As a matter of fact, the most easily performed anastomosis 
is usually that in which the aorta descends on the right and the incision is made 
on the left. This is due to the fact that a greater length of the pulmonary 
artery is more easily accessible on the left than on the right. Furthermore, 
early branching of the left pulmonary artery is less likely to be encountered. 

In every patient who has been explored there has been a branch of the 
arch of the aorta which could be used for the anastomosis. Such branches have 
not always been of the ideal size or length, but at least one or another could be 
used.' This statement is not meant to imply that there have not been variations. 
For example, as far as could be discerned there was no innominate artery in 
twelve cases. It appeared that the four large vessels arose separately from the 
arch of the aorta. It was my impression that both common carotid arteries as 
well as one of the subclavians arose from the innominate very close to the arch 
of the aorta. At any rate, the fact that a second carotid arose from the innomi- 
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uate did not interfere with the use of tho latter vessel or the subclavian for the 
anastomosis. In five patients the subclavian artery on the side of the operation 
arose directly from the aorta and passed posterior to the esophngns. This ab¬ 
normal position did not interfere with the nse of this artery for the anas¬ 
tomosis. This type of nuatomical variation iR shown in Figs. 2 and 3. 

At times difficulties were encountered which were due to the short length of 
the systemic artery which it seemed desirable to use. A very short innominate 
artory wns present in twelve cases. In fourteen other cases the Biibclavian 
branch of the innominate artery was quito short. It is significant, however, 
that there was in all instances a systemic artery which could be used' for the 
anastomosis. In some eases the arteries were shorter or smaller than was de¬ 
sirable hut nevertheless some systemic vessel could he used. The situation in 
this respect has been more satisfactory than that in connection with the varia¬ 
tions in length and size of the pulmonary arteries. As stated previously, tho 
carotid artery may be used if tho innominate and the subclavian arteries are 
too short, but this is very undesirable and is rarely necessary. 

In our earlier pntients the innominato artery was used in a number of 
cases in which tho subclavian artery would probably have been n better choice. 
Host children over the age of 2 have a good sized subclavian nrtery and one 
that is capable of transmitting a large quantity of blood. The subclavian 
should' be occluded temporarily near its point of division in order to obtain a 
good idea ns to the size of the vessel. The subclavian artery is being chosen 
more frequently and the innominate less often. 

A few words may ho in order regarding abnormalities of the superior vena 
cava. In two patients the superior vena cava was located on the left side but 
it entered the right side of the heart. In another, the superior vena cava was 
not visualized in the right side of the chest and it is assumed that it was on the 
left. In two patients a right superior branch of a pulmonary vein wns con¬ 
nected to the superior vena cava. 

The Anastomosis .—There are a number of reasons why an anastomosis of 
tile end of n systemic artory to the side of one of the pulmonary arteries is to 
bo preferred’ to an end-to-end snture, despite the fact that the former is more 
difficult. Among these are: (1) An end-to-sidc anastomosis allows the 
shunted blood to pass to both lungs; (2) the size of the opening into the side 
of the pulmonary nrtery may be made to correspond very closely in size to 
that of the ond of the systemic nrtery, whereas there may bo much discrepancy 
in an end-to-end annstomosis; ,(3) if following an end-to-end anastomosis in a 
patient who has atresia or marked stenosis a collapse of the lung develops on 
the side of tho operation, the limited flow of blood through the opposite lung 
may not be sufficient to maintain life; and (4) if an end-to-side anastomosis is 
performed and if later in life the pulmonary blood flow appears to bo inade¬ 
quate, the operative procedure may be repeated on the opposite side, whereas 
it may not he possible to do this if an end-to-end anastomosis has been per¬ 
formed. If one of the pulmonary arteries is divided and an end-to-ond 
anastomosis is made, it is doubtful whether the patient would tolerate occlusion 
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Fig. 2.—Showing a subclavian artery on the right which arose from the aorta rather than 
from the Innominate and which passed posterior to the esophagus. Both carotids arose from the 
innominate. 



Fig. 3.—Showing the left subclavian artery in a patient with a right aortic arch. This 
vessel arose directly from the aorta Instead of from the Innominate and passed posterior to tne 
esophagus. 
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of the opposite pulmonary artery for tlie length of time that i'b necessary for 
the nccompliahmont of nn anastomosis. Despite these objections to an end-to- 
end anastomosis, it most be said that very dramatic results have followed the 
nso of this method in most cases in which it has been used. Points in its favor 
are: (1) it may be performed more easily and quickly; (2) it may be used 
when there is a very short pulmonary artery and an end-to-side anastomosis is 
difficult or impossible; and 1 (3) traction on the mediastinal contents is lessened. 
All things considered, however, the end-to-sido anastomosis is preferred and 
has been used in most of the operations. 

After the pulmonary artery has been dissected free of the surrounding tis¬ 
sues and after the systemic artery has been made ready, final preparatinos for 
the anastomosis are made. My remarks will bo limited at this point to the 
end-to-sido anastomosis. The right or left pulmonary artery is occluded proxi- 
mally with a mechanical device, the tips of which are covered with rubber. 
Tliis instrument has a long handle which makes it useful in stabilizing the 
mediastinum and in approximating the pulmonary artery to the systemic vessel. 
A photograph of two of the instruments is shown in Fig. 4.* Distal occlusion 
of the pulmonary artory is produced by traction on the pieces of braided silk 
which have been placed around the branches of the pulmonary artery. If the 
artery is unusually long, bulldog arterial clamps are placed on the branches. 
After proximal and distal occlusion has been produced; a transverso opening is 
usually made in the pulmonary artery' between the points of constriction. This 
opening is made slightly bigger than the circumference of the ond of the sys¬ 
temic vessel. Some of the adventitia surrounding the opening in the pulmonary 
artery is excised, but the pulmonary' artery should not be weakened too much by 
removal of the adventitia around the entire circumference of the vessel. If the 
pulmonary artery is very much smaller than usual and if an ond-to-side anas¬ 
tomosis is to be attempted, the opening in the artery should bo in a longitudinal 
rather than a transverse direction. 

After the incision in the pulmonary artory has been raodo, the anastomosis 
is begun. The suture material which has been employed in most of the opera¬ 
tions is 00000 silk on small round needles (Deknatel). The Buture is essen¬ 
tially a continuous one in which intima is approximated to intirna. Tho suture 
includes the entire thickness of the wall of the artery. An attompt is made to 
place the sutures 1 to 2 mm. apart and approximately two-thirds of the pos¬ 
terior row is placed before the suture is drawn taut. Each end of this running 
suture is then tied to interrupted sutures which nro placed at appropriate 
points. The continuous suture is begun again and the posterior row is com¬ 
pleted, at which point another interrupted suture is placed. The anterior row 
of sutures is easier to place. It is usually interrupted at one additional point 
The suture around the entire circumference of tho anastomosis is in reality a 
single row of a continuous out-in nnd -over suture which everts intima and 
wliich is interrupted in several places in order not to constrict the lumen of 

•Made In three etxn* by the Mtirrny-Baumrnrtncr Company. G Wol Chate Street Baltl- 

mnM. Sill. * 
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the opening. It is just the opposite of the in-out and-over suture which is 
frequently employed in intestinal anastomoses in inverting the intestinal 
mucous membrane. 

After completion of the anatomosis, the traction on the braided silk around 
the branches of the pulmonary artery is released and the instrument which has 
been used in occluding the pulmonary artery proximally is removed. If a 
spurting stream of blood comes from some point along the suture line, an addi¬ 
tional suture is placed. If there is simply a slow ooze of blood, slight pres¬ 
sure is made and it will usually stop without the use of further sutures. .Sev¬ 
eral minutes after all bleeding has ceased, the arterial clamp is removed from 
the systemic vessel. Usually no further bleeding occurs. If there is bleeding, 
the arterial clamp is replaced and the suture line is inspected again. 



Hr ::.rt 





pig-. 4._ Showing two sizes of clamps which may be used for producing temporary occlusion of 

the pulmonary artery. 

After the anastomosis has been completed and' the constricting devices have 
been removed, a continuous thrill can usually be felt in the pulmonary artery. 
In many cases this can also be felt in the lung tissue at a considerable distance 
from the hilus. In infants and even in older children one may not feel a satis¬ 
factory thrill if the systemic arterial pressure is low. 

Aiter every effort has been made to be certain that the anastomosis is 
patent, including gentle massage of the opening, the mediastinal pleura is 
closed with interrupted sutures. The retractor is removed and the lung is 
partially inflated. Usually by this time the color of the patient has definitely 
improved. The third and fourth ribs are approximated with an encircling in¬ 
terrupted suture of braided silk or of some smaller material. The tip of a 
catheter is placed temporarily in the pleural cavity. The muscle, fascia, sub¬ 
cutaneous tissues, and skin are approximated with interrupted sutures of silk. 
Aspiration is carried out and the catheter is removed. 

As indicated previously, it is necessary or at least advisable in an occasional 
patient to perform an end-to-end anastomosis between the proximal end of a 
systemic artery and' the distal end of one of the two pulmonary arteries. This 
is somewhat easier than the end-to-side anastomosis. After choosing the parts 
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of tlio two arteries which should be opposite each other, three interrupted su¬ 
tures aro placed at equidistant points. A continuous everting suture is then 
used in connecting these points. 

Postoperative Treatment .—The patient is placed in an oxygen tent imme¬ 
diately after operation. The length of time that the administration of oxygen 
is continued varies from a few hours to a number of days. Penicillin therapy, 
which had been begun prior to operation, is continued for at least several days. 
The intravenous needle is left in place until the patient begins to take ade¬ 
quate fluids by mouth. The patient should lie given adequate but not excessive 
fluids. If the arterial blood pressure declines, an immediate effort should be 
made to raise it by the giving of plasma or whole blood, because otherwise cere¬ 
bral thrombosis or closure of the anastomosis might occur. If the patient 
presents evidence of weakness of the side of the body opposite the operation, 
heparin is given; otherwise, anticoagulants are not used. Dicumorol was given 
to the earlier patients in this series but its use has been discontinued. The 
patient is observed carefully for evidence of the accumulation of air or blood 
in the pleural cavity and aspiration is performed if indicated. If evidence of 
heart failure develops, a digitalis preparation is given. 

In most patients the postoperative period is remarkably uneventful but in 
others it is very stormy. If death occurs, it is usually in the first forty-eight 
hours after operation. Some of the patients have been discharged from the 
hospital on the twelfth postoperative day, whereas others have remained in 
for cousidcrabty longer periods. 


SUMMARY 

The technique by which one may create an artificial ductus arteriosus in 
tlie treatment of pulmonic stenosis has been described. The ages of the pa¬ 
tients have ranged from 2 months to 26 years. Operation has been performed 
on 144 pationts with an over-all mortality rate of 22 per cent. This total in¬ 
cludes Bevornl patients in whom the pulmonary artery was absent or was so 
abnormal that it could not be found' at the time of operation. 

An anastomosis was performed between the end of a systemic artery and 
the side of one of the. two main pulmonary' arteries in 118 patients with 
eighteen deaths, a mortality of 15 per cent. The subclavian artery was used 
in seventy-two of these with five deaths, a mortality of 7 per cent. The carotid 
artery was used in oloven caRes with one death, a mortality of 9 per cent The 
innominate artery was employed in thirty-six patients with twelve deaths, a 
mortality of 33 per cent. I have practically abandoned the use of the innomi¬ 
nate artery in patients 2 years of age and older. 

An end-to-end anastomosis was attempted in thirteen patients and there 
were six deaths. In five of the fatal cases the pulmonary artery was too small 
for a satisfactory' anastomosis. In the remaining case the cliild was improved 
following operation but dentil occurred suddenly six months later from an un¬ 
explained cause. 



AN ENDOBRONCHIAL BALLOON FOR THE CONTROL OF BRONCHIAL 
SECRETIONS DURING LOBECTOMY AND PNEUMONECTOMY 


James D. Moody, M.D., Josiah C. Trent, M.D., and George W. Newton 

Durham, N. C. 

T HE rapid progress in tie development of surgical methods for the treat¬ 
ment of suppurative pulmonary diseases has made the need for adequate 
control of bronchial secretions during operation increasingly apparent. In a 
recent report of seventy-six cases of bronchiectasis treated by lobectomy or pneu¬ 
monectomy, Bradshaw and O’Neill 3 record twelve deaths, six of which could 
be attributed to the transbronchial aspiration of pus expressed from the diseased 
lobe. Overholt and Wilson 2 report forty-five resections performed for pulmo¬ 
nary tuberculosis since 1942; contralateral spread occurred in 11.1 per cent. He 
states, “Contralateral spread is still the greatest hazard of pulmonary resec¬ 
tion.” Further reports serve only to substantiate the fact that it is a well- 
known and troublesome problem, especially for the anesthetist concerned with 
thoracic surgery. It is the purpose of this paper to present a new instrument 
for the control of bronchial secretions during the removal of infected lobes and 
to describe its successful use in experimental animals. 

historical 

Most of the work in this field has been directed along -three lines: namely, a 
catheter in the bronchus of the affected side for aspiration of secretions, a balloon 
in the affected side for obstruction of the secretions, or a combination of these 
two. Although aspiration by catheter lias been in use for some time, possibly 
the first important step was made when Gale and Waters® in 1931 devised an 
endotracheal airway fitted at its distal end with a thin rubber cuff. The air¬ 
way was inserted into the stem bronchus of the sound side and the cuff inflated 
so that it blocked both main bronchi at the carina. The most obvious criticism 
of this method was that the balloon could not be depended upon to block the 
affected lobe in lower lobe bronchiectasis; and, since there was no means of 
aspirating the pus, it could drain into the sound upper lobe. This method could 
be used satisfactorily, however, in pneumonectomy. In 1934, Archibald 4 re¬ 
ported seven cases in which he had successfully occluded the bronchus to the 
affected lobe by means of an inflatable balloon on a long coudS catheter. We 
have found that such a catheter cannot be depended upon to stay in place. 
Two years later Magill 5 devised a combined tracheoscope and anesthetic tube 
through which was inserted a suction catheter bearing an inflatable balloon. The 
anesthetic tube could lie fitted with a cuff to hold it in place in the trachea 
while the balloon was placed in the stem bronchus. We have had no experience 
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with this instrument, but it is our opinion that tho balloon may be easily dis¬ 
lodged during operation. In 1941, Nosworthy 0 described the uso of a balloon- 
ondotraehcal cathoter to be used for pneumonectomy. This was inserted into 
the mam bronchus on the sound side. Nosworthy noted the lack of a suitable 
instrument for use in lobectomies. He also mentioned Crafoord’s 7 technique of 
bronchial tamponado for both pneumonectomy and lobectomy. This consisted 
in packing tho stem bronchus with ribbon gauze kept in place by a wire rod; 
over this was threaded an ondotraclieal catheter. The most serious objection 
to these instruments and all others devised to date is their tendency to slip 
out of plaeo at inopportune times,- this obviously constitutes a serious hazard. 

Many of the criticisms of these methods and of others not mentioned have 
been summarized in Beecher’s 4 discussion of anesthesia in thoracic surgery. He 
recommends an endotracheal catheter made airtight at the face mask, the 
Trendelenburg position, and tracheobronchial suction by catheter. Blades and 
Graham 0 depend upon the upright position during operation to prevont secre¬ 
tions from entering the upper lobes. This method has been successful in seven 
eases, but they themselves raise the objection that in event of shock the head 
would havo to be lowered; hence bronehoscopic aspiration would be necessary at 
once. 

Thus it is apparent from the preceding discussion that there is still a need 
for somo technique or instrument which will prevent the flooding of unaffected 
lobes with pus during operation. 


CONSTRUCTION 

After reviewing the methods tried in the pnst, it was decided that the most 
practical way to occlude the bronchus was by means of a balloon. We have 
therefore devised a double-lumen balloon-suction cathetor (Fig. 1) for use in 
pneumonectomies and lower lobectomies. Early in our experimentation it was 
decided that it would bo more practical to devise two instruments, ono for 
obstruction of the lower lobes, and one for obstruction of the upper lobe, rathor 
than to attempt to incorporate the necessary functions of both in one instrument. 
The instrument described in this report occludes the affected bronchus with a 
balloon retained in place by a special holding device, and provides aspiration 
distal to the balloon. The details of construction arc ns follows: Tho catheter 
is a double-lumen tube of the Miller-Abbott type, 4 mm. in diameter (12 French). 
At one end is mounted a email cylindrical balloon* approximately 6 mm. in 
dinmoter, 0.25 mm. in thickness, and 15 mm. in length. The balloon is inflated 
through one side of the double-lumen tube. The other lumen of the tube 
pnsaes through tho balloon and ends in a small perforated metal tip. Around 
the balloon is a small holding apparatus made of beryllium copper especially 
selected because of its flexibility, strength, and elasticity; this can bo trans¬ 
ferred within a few seconds from one balloon catheter to another. The over-all 
length of the assembled balloon, holding apparatus, and suction tip is 25 mm.; 
only the distal 10 mm., howover, are in contact with the bronchial wall. As 

•We are prmtly Indebted to the Miller Robber Sundries Division of the B. F Goodrich 
Co., Akron, Ohio, for supplying the balloons. 
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will be noted in Pig. 2, the distal end of each strip of the holding apparatus 
is doubly split, forming three projections, the middle one of winch has a 1 mm. 
point. On inflating the balloon (Pig. 2, B) the points of the middle projections 
are pushed out into the mucosa, while the lateral projections are flattened out. 
When the balloon is deflated, all the projections spring bach to their original 
positions, thus disengaging the points from the bronchial mucosa. On with¬ 
drawal of the deflated balloon, the two lateral projections protect the mucosa 
against the points of the middle projections. We first inflated the balloons with 
air. This was abandoned because of the danger of a sudden explosive rupture 
of the balloon. Water under mercury pressure was later adopted and found to 
be more satisfactory. 



Fig. 1.—A.uthors' endobronchial balloon, consisting of a double-lumen tube with suction tip and 
baUoon, surrounded by a holding apparatus. 


In order to facilitate placement of the balloon in the bronchus, a brass car¬ 
rier tube 50 cm. in length was devised, the distal 2 cm. of which was widened to 
fit snugly over the balloon and holding apparatus. This tube, which was 
threaded over the catheter, held the balloon encased in its tip. After the 
balloon was placed, a stylet of piano wire was used to dislodge it from the 
carrier tube. 

The proximal end of the double lumen catheter is connected by a small, 
simple sleeve valve to the manometer and suction systems; the connection be¬ 
tween the catheter and the two systems can be opened or closed by means of this 
valve (Fig. 3). It also affords a way of detaching the double lumen catheter 
from the pressure and suction systems and maintaining the pressure in the 
balloon; this facilitates quick removal of the bronchoscope following placement 
and inflation of the balloon. The entire apparatus including the sleeve valve 
will pass through a smooth bore 7 mm. bronchoscope. 
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PROCEDURE 

Experimental operations were performed on a series of fifteen mongrel dogs, weighing 
from 22 to 54 lbs. 

With minor variations, tlio following procedure was carried out in each dog. Anesthesia 
was produced by pentobarbital given intravenously in dosages of 30 mg. per kilogram. Tho 
tongue, plmrynx, and larynx were anestherixed locally with pontocaino, and the site was 
selected for tho balloon by bronchoscopy. The carrier tube holding the balloon and catheter 
was then inserted through tho bronchoscopo, projecting from its distal end n distance equal 
to tho longtb of tho balloon. Following this, tho Btylet was run alongside the catheter until 
It Impingod on the base of tlio holding apparatus; with tho balloon thus steadied, tho carrier 
tubo was withdrawn into tho bronchoscopo, leaving tho balloon in place In the bronchus. The 
balloon was then inflated to the proper else as judged by the amount of water injected and 
the pressure in tho mnnomoter. With tho manometer tubo clamped, the aleevo valve was 
closed and tho donblo lumen catheter was direouncctcd from the pressure and suction systems. 



Etc. &—-Diagram of balloon In lung specimen of a dog: (rtl poslUon of middle Projec¬ 
tion and point ofeach atrip of holding apparatus when balloon la deflated: InflatedbaUoon 

showing the three projection* of each strip, and lateral view of point embedded in tho wall. 


The bronchoscope, carrier tube, and stylot were then removod; an endotracheal tube, fitted 
with an inflatablo cuff and attached to a metal T-tube, was slipped over the catheter, which 
was then reconnected to the manometer and suction systems. Suction wns then applied, ruid 
atelectasis of tho obstructed lobe or lobes wns assumed complete when air ceased flowing 
through the suction bottlo (Fig. 4). With tho dog nndor positivo pressure respiration, tlio 
lobo or lobos were removed using tho individual ligation technique for tho hilar vessel*. After 
Isolation of the bronchus was complete, tho balloon wns deflated and quickly pulled out 
through the endotracheal airway. The operator clamped the bronchus as he felt the balloon 
deflato and slip out. Tho wound was then closed and after voluntary breathing liad resumed, 
the dog was turned over, and the procedure repented on the opposite side. 

A total of twenty-seven operations was performed on fifteen dogs including twenty-two 
lobectomies and five pneumonectomies, with no operative deaths. 
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EXPERIMENTAL RESULTS 

At the beginning of this study it was apparent that the instrument must 
meet certain qualifications. It must: (1) have no harmful effects; (2) com¬ 
pletely occlude the bronchus; (3) remain securely in place during operative 
manipulations; (4) have a wide margin of safety in its construction and opera¬ 
tion, allowing complete control at all stages; (5) interfere as little as possible 
with anesthesia. 



Fig. 3.—Sleeve valve and casing connecting balloon to pressure and suction systems. The 
valve Is opened and closed through a 90° turn by means of the lock-screw In the outer casing: 
with the screw unlocked, the valve may be disengaged while sUll remaining closed and thus 
maintaining pressure In the balloon. 


First, to test the effects of the balloon in the bronchus, balloons were in¬ 
flated in the bronchi of two adult dogs anesthetized with pentobarbital and 
were allowed to remain in place for seven hours with the suction side of the 
tubing obstructed. Except for a slight bronchial irritation and consequent 
coughing on placement of the balloon, there were no effects on the respiratory 
or circulatory systems, nor on the general condition of the dogs. Following 
removal of the balloons, immediate bronchoscopy and subsequent direct exam¬ 
ination of the autopsy specimens showed no bleeding points. 

In order to test the completeness of occlusion, dyes were injected through 
the suction side of the tube into the bronchus distal to the balloon. Several 
mixtures were used, including Sudan HI in mineral oil, India ink in mineral 
oil, and brilliant green. All specimens were removed in toto following the 
operations and the bronchi split open; in none of the specimens was dye present 
in any of the bronchi except the obstructed one. That the occlusion was com- 
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plcto was also indicated in another -.v.w : within a few minutes after applying 
suction to the obstructed lobe, air c».r;ed bubbling through the water trap, show¬ 
ing that nono was leaking around ti e alloon. 

During each operation, tests \ : .e made to determine the holding power 
of the balloon in the bronchus. E. csnve manipulation of the lobes failod to 
dislodge the balloon. Nothing shoi 1 .>: a forceful pull on tho double lumen 
catheter succeeded in dislodging it. 



Pig. A .—Photograph taken during an operation with balloon In left lower lobe bronchus; note 
atelectatic lower lobe and Inflated upper lobe. 

The limit, of safety of the balloon were carefully studied. Attempts to 
break the balloon by overinflation whilo in place in the bronchus were unsuccess¬ 
ful; with the pressure increased to well over 400 mm. of mercury, the only 
noticeable effect was a slight dilatation of the bronchus and a bulging of the 
balloon into the lobe bronchi. None of the balloons were broken in this man¬ 
ner, although they had boen used repeatedly. Deliberate efforts to break tho 
balloon by trauma in tho operative field failed. 

The balloon was under complete control at all times, and its state of in¬ 
flation and the completeness of occlusion could be quickly checked by noting 
the manometric pressure. It was found that tho balloons required a pressure 
of 90 to 100 mm. of mercury for inflation; when in place in tho bronchus, suf¬ 
ficient water (10 to 15 c.c.) was injected to raise the pressure to 200 mm. of 
mercury. Thus a pressure of 100 mm. of mercury was exerted on tho wall of 
the bronchus. The pressure in tho balloon is more than sufficient to hold tho 
points of tho holding apparatus in the bronchial wall, and since tho resistance 
of the strips of this apparatus to handing is very slight there is very little 
hindrance to inflation of the balloon. 
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The small size of the catheter minimizes the interference with anesthesia 
as far as hulkiness is concerned; there is sufficient space left in the ordinary en¬ 
dotracheal tube to insert a small suction catheter should there he any secre¬ 
tions in the lower trachea. Local bronchial anesthesia may be used to lessen 
irritation and consequent cough stimuli The fact that the pus is localized out¬ 
side of the anesthetic field more than compensates for other minor interferences. 

SUMMARY 

A double-lumen balloon suction catheter for the control of bronchial secre¬ 
tions during lobectomy and pneumonectomy has been described. Its successful 
use in twenty-two lobectomies and five pneumonectomies in dogs demonstrates 
that (1) no harmful effects are produced, (2) complete occlusion of the bronchus 
is obtained, (3) dislodgement during operation is very unlikely, (4) a wide 
margin of safety is present, and that (5) there is little interference with anes¬ 
thesia. 

Clinical trials are now under way and will be reported later. It should 
be understood that this instrument has been designed for use only in pneumonec¬ 
tomies or lower lobectomies and not for use in upper lobectomies. Experimental 
studies are now being canned out on a similar instrument constructed primarily 
for use in upper lobe resections. 

The authors wish to express their great appreciation to Dr. Deryl Hart, Professor of 
Surgery, Duke University School of Medicine, for his constructive criticism and interest in 
this problem. 
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THORACOGASTRIC FISTULA AND MULTILOCULAR EMPYEMA 
COMPLICATING POST-TRAUMATIC DIAPHRAGMATIC 
HERNIA 

Georoe N. J. Sommer, Jn., M.D., Trenton, N. J., and Waldo 0. Mills, M_D., 

Boston, Mass. 

I N A pnper presented at the lf)4G meeting of The American Association for 
Thoracic Surgery, Limlskog and Lawrence 3 described two patients with 
diaphragmatic hernia following crushing injury to the thorax. Both patients 
had come under their enre following the introduction of intercostal tubes into 
tlic herniated stomachs. Diagnoses of left sided empyemas had been made 
erroneously. In one case an empyema had developed following the drainage. 
Both patients were successfully treated with necessarily complicated operative 
procedures. In a careful review of the literature the authors were unable to 
And similar instances of diaphragmatic hernia and thorncogastric fistula fol¬ 
lowing blunt injury of the thorax and surgical mistreatment. Clopton 1 had 
reported the case of a child with an eventration of the left hemidiaphragm. 
The patient had had a rib resection and tube drainage of tbe stomach through 
the greatly elevated diaphragm prior to coming under the care of Clopton. 
In this coso thoraoio wall and extrapleural abscesses were present. This 
patient also recovered. 

During tho recent war, penetrating nnd perforating thoracoabdominal 
wounds wero frequently complicated by gastrointestinal injuries. At tho time 
of primary operative treatment, the small intestinal nnd gastric wounds were 
customarily closed nnd wounds of tho colon were exteriorized. Shaw, 3 who was 
working in a thoracic center, treated patients with thorncogastric fistulas. In 
these instances the repaired diaphragmatic nnd gastric wounds had broken 
down, and the hernias had followed-. The patients were admitted to the thoracic 
center for further care. 

Among the 511 patients admitted to a thoracic center' in England during 
1944-1945 was one with a condition very similar to those reported by Lindskog 
and Lawrence. 3 In this instance it is possible that a gastric fistula was caused 
by a needle aspirating an hemothorax following a crushing injury of the thorax. 

A 27-yonr-old Bergeont was crushed against u brick building Nor. 1G, 1044, by ft largo 
nrmy truck, uliicb had started In reverse by mistake. He Buffered rovere contusions of tho 
thorax and was admitted to a honpitnl shortly after tho injury. Bed blood colls wero pres¬ 
ent in tho urine, but no further evidence of renal Injury beenmo apparent. A diagnosis ot 
tension pneumothorax was made. After tho removal of 5G0 cum of air from the left pleural 
cavity, the intrapleural pressures wore reduced from plus 10 and plus 4 cm. of water to plus 
4 and zero. Sanguineous fluid was aspirated from tho left pleural cavity November 17, 18, 
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19, and 22; 180 to 480 c.c. were obtained. Air was removed with the fluid November 20, and 
again December 5. <- 

The patient was admitted to the center December 6. He was dyspneie and presented 
the general signs of infection. Boentgenographie examination (Fig. 1) Bhowed the heart dis¬ 
placed to the right by the intratlioraeie stomach and pneumothorax. The left tenth and 
eleventh ribs were fractured. Barium was given by mouth December 7. To the great Bur- 
prise of the observers, the barium meal flowed rapidly from the uppermost portion of the 
stomach into the pleural cavity (Figs. 2 and 3). 



Fie. 1. Fig-. 2. 

Fig. 1.—Posteroanterlor roentgenogram showing the heart displaced to the right hy tlio 
Intrathoracic stomach and pneumothorax. 

Fig. 2.—Anteroposterior roentgenogram following ingestion of barium meal, which la seen 
In the stomach and free In the pleural cavity. 

On December 8, with endotracheal ether anesthesia (Major Lawrence J. Schuhmncher, 
Jr., Medical Corps) the left thoracic cavity was opened through the bed of the resected 
ninth rib. The spleen, which lay posteriorly, was incised when the pleural cavity was opened. 
Brisk hemorrhage occurred, which was controlled only after ligation of the splenic vessels 
and removal of the organ. A large pocket of thick white pus lying on the diaphragm had 
been covered by the spleen. A segment of the eighth rib was removed to permit better 
exposure of the intrathoracic contents. The stomach was adherent to the posterior parietal 
pleura (Fig. 3) and displaced the lower pulmonary lobe upward. The omentum lay an¬ 
teriorly against the pericardium, from which it was freed by blunt dissection. After the 
stomach was mobilized, the perforation 2 cm. in diameter was closed with two rows of line 
silk Lembert sutures. The omentum, stomach, and the left lobe of the liver were then re¬ 
placed into the abdomen. The diaphragmatic tear, which extended from within 2 cm. of tho 
thoracic wall to the esophageal liiatus, was closed with overlapping by two rows of inter¬ 
rupted silk sutures. The multilocular empyema filled with tliin sanguineous pus and barium, 
which had covered the stomach, was then broken down. The upper portion of the lower 
pulmonary lobe and the upper lobe were covered with plastic exudate, which had to be 
removed before the lung would expand. The thoracic wall was closed with interrupted su¬ 
tures. Drainage of the pleural cavity was provided with a large rubber tube and water 
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seal. A sogmont of tlie eleventh rib had been removed for Insertion of the drainage tube. 
Daring tho operation whole blood transfusions were given. 

The patient’s immediate postoperative course was stormy. Drainage of the pleural 
ravlty was inadequate since the lung expanding posteriorly blocked the drainage tube leav¬ 
ing a largo anterior air pocket Fortunntoly the lung became adherent in the midthorax 
laterally and gradual re-expansion occurred aided by voluntary breathing exercises. Peni¬ 
cillin was given for eomo days in doses of 40,000 units every four hours. Several blood 
transfusions wore necessary. The roentgenogram April 10, 1945 (Pig. 4), showed apparent 
complete ro-expansion of the lung. The shadow at the base represented, however, a basilar 
empyema. April 23, the eighth Tib was resected and a small empyema was dependency 
drained. At this operation four heavy silk sutures were removed from tho diaphragm. In 
addition to hemolytic Staphylococcus aureus, which had also been cultured at the time of the 
first operation, Aerobaater aero genes was grown. Tho cavity closed satisfactorily and only 
a small track remained at the time of the transfer of the patient to the United States 
Jano 2. Ho was in good physical condition with excellent thoracic respiratory movements. 



Fig. s. Fi*- <• 

Fig. 3.—Left lateral roentgenogram after Ingestion of barium meal; the stomach Is Been 
lying posteriorly In the thorax with the barium passing superiorly and anteriorly. 

Fig. 4 .—PoBteroanterlor roentgenogram April 10, 1146, showing the re-expanded lung 
with evidence of basilar empyema pocket. 

The case presents several lessons in the treatment of empyema thoracis. 
The abdominal organs, which had been intimately associated with the pus in 
the thorax, were restored to the abdomen without peritonitis developing; 
adequate penicillin therapy probably made this possible. More complete 
decortication and mobilization of the lung with the use of two or three inter¬ 
costal drainage tubes would probably have facilitated complete and rapid ex¬ 
pansion of the Inng. The authors* found that more than one drainage tube 
was necessary after decortication. The advisability of using fine silk Bntures 
for the repair of the diaphragm was well shown by the discovery of heavy silk 
sutures when the empyema was redrained. 
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SUMMARY 

A case of thoracogastric fistula with multilocular empyema complicating a 
post-ti'aumatic diaphragmatic hernia is reported. Diaphragmatic hernia must 
be considered following thoracic wounds and injuries and care must he used in 
aspirating or draining the pleural cavity following such injuries. In the re¬ 
ported case, aspiration may have caused the gastric perforation and the 
empyema. 
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AMYLOID DISEASE OP THE LUNO TREATED BY PNEUMONECTOMY 

Retort of a Case 

Roixikk E. 'Weismann, M.D.,® 0. TnEnON Claoett, M.D.,t and 
John R. McDonald, 1LD.$ 

Rochester, Minn. 

A MYLOID disense localized lo the lower pnrt of the respiratory tenet appeals 
to bo nn exceedingly rare condition and one which heretofore has not lieen 
recognised ns a surgical disease of the thoracic organs. 

GENERAL considerations 

Amyloidosis, or the presence of diffuse amyloid deposits in certain organs 
or tissues, has been widely studied and described in the past sixty years. 
Rokitansky is credited by Wichmnnn 1 with describing the microscopic and gross 
characteristics of the condition mid witii distinguishing for the first time amyloid 
deposits as a pathologic entity from other lesions of the organs concerned. As 
it is commonly used, "amyloidosis’' refers to the multiple, abnormal, hyalinelikc, 
intercellular deposits or collections, in the parenchyma of the lirer, spleen, kid- 
neyn, adrenal lwdies, and occasionally in other areas of tho reticuloendothelial 
system, of an atypical protoin substance which stains moie or less specifically. 
In addition, those lesions arc associated with or are secondary to a prolonged 
suppurative process and certain other primary disturbances, such os syphilis, 
Hodgkin’s disease, and various types of leueemia. The lesions are most com¬ 
monly seen among patients wlto have chronic pulmonary tuberculosis with 
cavitation or chronic suppurative osteomyelitis. 

In recent years an increasing number of descriptive reports of unusual 
nmyloid deposits have appeared. The deposits bavo been said lo be cither gen¬ 
eralized or localized in other than the usual or characteristic locations, such 
as the spleen, liver, kidneys, or ndronal bodies. These olracrvations have been 
referred to by many authors as indicative of "atypical amyloidosis.’Since 
the clinical pieturo was for the most part bizarre or simulated other more com¬ 
monly recognized disturbances, tho true nature of tho pathologio process in 
most of tire earlier cases was identified ouly by microscopic examination. In 
only a few cases was tho true condition suspected before necropsy; the amyloid 
depositis were considered by some workers to bo merely interesting incidental 
oliservations. In addition, there was a remarkable absence of a primary sup- 
purativo or debilitating disease which could be considered ns the etiologie factor 
in the production of these deposits of nmyloid substance. 

Lubarscb” recognized this unusual or atypical form of amyloid disease 
and suggested the following criteria to distinguish it from the usual or typical 
forms: (1) an almost complete alwence of amyloid sulratance in the organs 
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most often involved in typical amyloidosis, such, as the liver, spleen, and kid¬ 
neys; (2) the presence of amyloid substance in organs and parts not usually 
involved by the process, such as the heart, skin, and lungs; (3) the occasional 
occurrence of tumor like nodules of amyloid substance; (4) the frequent failure 
of the deposits to react to specific stains or tests for amyloid; and (5) the 
absence of a preceding or concomitant disease to which the presence of amyloid 
might be attributed. After review of many of the reported cases of the unusual 
forms of the condition, Reimann and associates, 6 in reporting another case, 
discussed the clinical, gross and microscopic features of the so-called atypical 
forms and suggested the following classification of amyloidosis: (1) primary 
(atypical or systematized); (2) secondary (typical); (3) tumor-forming 
(single or multiple, localized); and (4) amyloidosis occurring in association 
with multiple myelomas. These authors collected thirty-five cases of primary 
amyloidosis, in seventeen of which the distribution was more or less generalized. 
In the remainder, the process was localized largely to one or two organs. As 
a result of their study, Reimann and associates were able to observe certain 
rather distinct characteristics of each of the four aforementioned forms, al¬ 
though there was a tendency toward overlapping in certain cases. They pointed 
out, further, that whereas tumor-forming amyloidosis may be a type of primary 
amyloidosis, yet in several cases it was sufficiently localized from a clinical and 
pathologic viewpoint to warrant consideration aside from the generalized group. 
Subsequent writers 7 ’ s have endorsed this classification. Several examples of 
all the four types previously mentioned herein have been added to the litera¬ 
ture since the classification of Reimann and associates was made/* °' 11 

As indicated by the increased number of reported cases of localized amyloid 
“tumors,” it would seem justifiable to consider as members of a separate group 
those patients in which the amyloid disease is apparently entirely localized to a 
certain organ or tissue or to a portion thereof. Additional examples of the 
latter were reported by New and Erich 12 and by Figi, 13 who recognized local¬ 
ized sessile, polypoid, or infiltrated masses of amyloid substance in the laryngeal 
or subglottic tissues unassociated with demonstrable deposits of amyloid sub¬ 
stance in other parts of the body. Corbitt and associates 8 reported on a pa¬ 
tient whose condition had been diagnosed preoperatively and who was success¬ 
fully treated by segmental resection of tissue affected by localized amyloid dis¬ 
ease involving a portion of the wall of the urinary bladder. 

It is apparent that localized amyloid disease is a very unusual process but 
one which can be considered for surgical management when it is deemed suit¬ 
able. In the known cases of this form of the disease, the respiratory tract and 
skin appear to be the commonest sites of involvement. 

New, 14 in 1919, studied and discussed the clinical and pathologic features 
of amyloid lesions of the upper air passages. In 1938, New and Erich 12 re¬ 
ported the clinical aspects and method of treatment in eighteen cases of the 
localized amyloid tumors of the larynx. The clinical features of these lesions 
were sufficiently characteristic to warrant recognition; the presence of these 
masses altered laryngeal or glottic functions to such an extent as to warrant 
treatment. Surgical management was utilized to eradicate these nodular de¬ 
posits. 
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On tlio otlior hand, wo have encountered only three published reports 11 ' 1 ' 
of localized amyloid diseaso of the lower part of tho respiratory tract. In the 
case reported by Balser the condition was discovered at necropsy; there was 
marked tracheobronchial ^stenosis involving the lower portion of tho trachea 
and major bronchi, associated with a secondary emphysematous, pneumonic, and 
bronchiectatic process which extended throughout both lungs. Symptoms had 
been present for nineteen years. There was a dense and rigid deposition of 
amyloid substanco in tho walls of the lower part of the trachea and of the 
bronchi and tho lumens of both the tiaehen and bronchi were markedly nar¬ 
rowed.' In Gloekner’s enso, asymptonMie amyloid tumors involving the larynx, 
trachea, and large bronchi were discovered at necropsy, but no embarrassment 
of tho lower part of tho respiratory tract had occurred and no secondary proc¬ 
esses were noted in tho lungs. Tho only other pathologic observations of note 
in this enso were a urethral stricture, benign prostatic hyperplasia, and cystitis. 
In Meyer’s case, multiplo nodules of amyloid substance of various size were 
scattered throughout both lungs, and appeared to bo continuous with the bron¬ 
chial wall in certain areas, but bronchial stenosis was not present. There were 
degenerative processes, but no deposits of nmyloid substance were present in 
othor organs. In addition, there was no evidence of a primary diseaso to which 
the amyloidosis could be attributed. 

Tho following report of a case is presented ns one of unusual interest. It 
is believed to bo tho first reported case in which localized nmyloid disease in¬ 
volved tho major bronchi and corresponding pulmonary vessels at the hilum 
of one lung, and tho first m which pneumonectomy was successfully accom¬ 
plished. 

CASE REPOBT 

Clinical and Bnrpical Jipeall .—A white man 35 years old, a welder by trade, registered 
at the Mayo Cllnio on Jan. 10, 1040. He complained chiefly of cough of nine years' deration 
and of daily hemoptysis of a week’s duration. He woe admitted directly to a hospital for 
etufly. Ho said that In 1937 ho had noted some pain of a pleuritic nature in the right side 
of the lower part of tho thorar, without associated fever. In addition, morning cough, 
productive of purulent, occasionally blood-streaked sputum, had developed. Shortly after 
tho onset of this Illness he had been admitted to a hospital for observation and treatment. 
Bronchograms had bcon made, and the diagnosis of chronic bronchiectasis of the right lung 
had been mado. Since that time symptoms had consisted of recurrent attacks of chronic, 
moderately productive cough, usually precipitated by "colds” and often associated with 
fever and chills and pleuritic pain. Sputum continued to contain occasional traces of blood. 
Ia 1940, more bronchograms had been made;'the snmo condition had been found The Joft 
lung had been found to bo normal In 1942, the patient had experienced a single, moderately 
sovero oplsodo of hemoptysis (approximately a cupful, or about £40 C.C.). No chango in 
symptoms had been noted until a week before admission to tho clinic, at which time acute 
corysa had developed, followed by a marked increase In tho severity of the cough and In 
tho amount of sputum raised. During tho week prior to admission the spntam had been 
constantly bloody. The patient liad become most apprehensive and insomniac from tho fear 
of fatal hemoptysis. There had been no recent loss of weight or eignifleant general weakness. 

Th© patient’s systemic history was noncontributory. He smoked about ten cigarettes 
a day. The general history was not signlflcant. The patient's mother had died of tuber¬ 
culosis at tho age of thirty-flve years. Whan we saw the patient on Jan. 10, 1946, be did 
not appear to be ill and did not exhibit evidence of a debilitating disease. The temperature 
was 99.0* F. (87,0* O.) and tho praise rate was 90 beats per mlnntc. Besnlts of examination 
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imally on the main bronchus. The right pulmonary artery was included in the infiltrative 
process about tho main bronchus. The thickness of the infiltration of the walls of the main 
bronchus reached 2.5 cm. in the region of the pulmonary artery. Several slightly enlarged 
lymph nodes were present in the hilus, but they did not appear to be abnormal. Tincture 
of iodine applied to the cut surface of the tumor did not give the characteristic gross color 
reaction for amyloid. 

The remainder of the parenchyma of the lung peripheral to the mass exhibited the 
picture of a scattered pneumonic process throughout the middle and lower lobes of the lung. 
Evidence of diffuse bronchiectasis was not found, although a few scattered sacculated 
bronchioles containing thick, brownish, stringy exudate were noted in the middle and lower 
lobes. 



Fig. 4.— a. amyloid substance, with areas of calcification (hematoxylin and eosin X60) ; 
b, bronchial epithelium and subeplthellal structures in an involved portion of the bronchus; 
note the loss of ciliated stratified epithelium and replacement by single layer of cuboidal type 
of cells (hematoxylin and eosin X100). 

Histopathologic Aspects .—Sections through the walls of the bronchus and its branches 
extending into the tumor mass stained with hematoxylin and eosin showed the external coats 
of the main bronchus, its branches, and the surrounding connective tissue to he the seats 
of the pathologic process. The cartilaginous rings were intact. The dense, infiltrating 
mass which surrounded the bronchus and its branches and the pulmonary vessels at the 
hilus consisted of interlacing bundles of strongly eosinophilic homogeneous material which 
was very acellular and avascular. Scattered throughout were nests of inflammatory cells, 
consisting mainly of plasma and round cells, and lymphocytes. No giant cells were noted, 
although a few groups of fat-filled histiocytes were identified. Calcification of the homo¬ 
geneous material was present throughout; it occurred hoth in small flecks and in masses of 
sizes up to 2 mm. (Fig. 4, a). The walls of the larger blood vessels were not abnormally 
thickened, but between the elastic fibers some of the homogeneous acellular material was 
seen. The changes in the mucosa of the main bronchus and its branches were limited largely 
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imally on tlio main bronchus. The right pulmonary artery was included in the infiltrative 
process about the main bronchus. The thickness of the infiltration of the walls of the main 
bronchus reached 2.5 cm. in the region of the pulmonary artery. Several slightly enlarged 
lymph nodes were present in the hilus, but they did not appear to be abnormal. Tincture 
of iodine applied to the cut surface of the tumor did not give the characteristic grass color 
roaction for amyloid. 

The remainder of the parenchyma of the lung peripheral to the mass exhibited the 
picture of a scattered pneumonic process throughout the middle and lower lobes of the lung. 
Evidence of diffuse bronchiectasis was not found, although a few scattered sacculated 
bronchioles containing thick, brownish, stringy exudate were noted in the middle and lower 
lobes. 



Fig. 4.— a, amyloid substance, with areas of calcification (hematoxylin and eosln XtO); 
b, bronchial epithelium and subeptthellal structures In an Involved portion of the bronchus; 
note the loss of ciliated stratified epithelium and replacement by single layer of cuboidal type 
of cells (hematoxylin and eosln X100). 

Histopathologic Aspects .—Sections through the wallB of the bronchus and its branches 
extending into the tumor mass stained with hematoxylin and eosin showed the external coats 
of the main bronchus, its branches, and the surrounding connective tissue to be the seats 
of the pathologic process. The cartilaginous rings were intact. The dense, infiltrating 
mass which surrounded the bronchus and its branches and the pulmonary vessels at the 
liilus consisted of interlacing bundles of strongly eosinophilic homogeneous material which 
was very acellular and avascular. Scattered throughout were nests of inflammatory cells, 
consisting mainly of plasma and round cells, and lymphocytes. No giant cells were noted, 
although a few groups of fat-fillod histiocytes were identified. Calcification of the homo¬ 
geneous material was present throughout; it occurred both in small flecks and in masses of 
sizes up to 2 mm. (Eig. 4, a). The walls of the larger blood vessels were not abnormally 
tliickened, but between the elastic fibers some of the homogeneous acellular material was 
seen. The changes in the mucosa of the main bronchus and its branches were limited largely 
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to tho opitbclium, Over the sites of /lepoaits of amyloid material, the stratified ciliated 
opithelinm was replaced by a slnglo layer of flattened, cuboidal, nonciliaterl epithelial cells 
0^%’ &). STacoos glands and mueclc appeared to be normal; only a few Inflammatory 

cells were present in the subepitlielial stroma. 

Special staining of numerous sectloar- thiough tho involved bronchial walls, surrounding 
infiltration, and parenchyma of tho lung was carried out with Congo red, methyl violet and 
Sudan XV stains. The hynlinlikc intercellular material noted in the infiltrated regions 
previously described exhibited n lack of uniformity in staining reaction, whether it was 
stained with mothyl violot or Congo led. When mothyl violet was used, tho color change* 
varied from gray to faint Tiolcfc to brill.T.iif violet; when Congo rod was employed, the 
contrast in color between the amyloid snbrtanrr* and collagen was not uniformly distinct. 
Nevertheless, there wore many portions throughout the sections which gave a diagnostic 
picture when each of tbeso stains was use *. The walls of the largo arteries and veins 
exhibited irregular regions of amyloid inflitraMon, and in a few the entire wall stained 
characteristically for amyloid with methyl vi.flrc (Fig. 5, a) or Congo red. The smaller 
arterioles and veins in the mass wero uniToi uly involved, as determined by the staining 
reaction. In'fresh frozen sections many ot d e^c interlacing hynllnlike bundles appeared 
to contain numerous tiny, clear droplets. 'Will the Sudan TV stain it was readily seen that 
these were fat*containing dropletB within the bundles of intercellular amyloid material (Fig. 
6i b). This phenomenon was seen in many places throughout the entire mass. 

Sections of tho parenchyma from beyond ti e gross limits of the tumor mass as stained 
with hematoxylin and cosin, revealed a scattered irregular, lobular distribution of a chronic 
cxudatlvo pnoumonie process in tho lowei h-?>e and to a slightly less extent in the middle 
lobe. Near tho liilar area, moderately ebroric interstitial fibrosis and cellular Infiltrations 
were seen. Tho alveoli of the lower lobe contained many macrophages filled with blood 
pigment. 

The peripheral terminal bronchioles for the most part showed slight if any dilation, 
but mild inflammatory changes wore present in the mucosa. A few of the medium-sired 
bronchioles exhibited mild-to-moderate dilatation, with associated intraluminal exudation 
and moderate peribronchial inflammatory infiltrations and flbroeis. Tho parenchymal blood 
vessels were essentially normal. Spocial staining of the parenchyma of the lung for amyloid 
substance revealed none, in either the alveolar or bronchiolar walls or blood vessels outside 
the gross region of tumefaction. 

Lymph nodes situated at the Iiilus were uninvolved by the amyloid deposition, and 
showed only inflammatory changes with anthracosis. 

comment 

Localized amyloid diseaso, particularly in tho respiratory tract, can be 
responsible for sufficient alteration in tho anatomy and physiology of the in¬ 
volved structures to be of clinical importance. In this case the clinical picture 
was essentially that of an intermittent, long-standing, low-grade, obstructing 
lesion of tho major bronchus or its branches, at times associated with brief 
episodes of hemoptysis, without clinical evidence of the presence of a debilitating 
or suppurating disease. That the process did not produce complete or per¬ 
sistent bronchostenosis is evident by tho absence of a significant degree of 
bronchiectasis or pulmonary suppuration distally. The history of the patient 
would indicate that somo impairment of function and drainage of the middle 
and lower lobes of the right lung had been present for soveral years. It is 
interesting to note that relatively little anatomic narrowing of the bronchus 
and its branches could be demonstrated in the surgical specimen. Tho surgeon, 
however, noted at exploration that some degree of distortion of the hHus of the 
involved lung had been caused by the infiltrating mass, and it is likoly that 
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this could have produced some degree of kinking which in turn would have 
compromised the airway of a semirigid tube, such as a large bronchial branch. 
Furthermore, the loss of the cilia of the surface epithelium overlying the amy¬ 
loid process in the main bronchus and its branches would suggest that a physi¬ 
ologic obstruction to the normal flow of bronchial secretion was present. There 
was no evidence of bronchial ulceration when the lung was examined in the 
laboratory. The source of the bleeding -which resulted in the symptoms or 
produced the clot in the bronchial branch to the lower lobe, noted by the bron- 
choscopist, is best explained on the basis of extravasation from small or medium¬ 
sized bronchial blood vessels, the walls of which had been largely replaced aud 
weakened by the described amyloid deposits. 

The preoperative diagnosis in this ease was that of the secondary asso¬ 
ciated disturbance. The repeated hemoptysis pointed strongly to a primary 
lesion involving the bronchial mucosa. Since the infiltration did not involve 
the mucosa or subepithelial portion of the main bronchus and its branches, it 
would have proved futile to attempt to determine further by bronchoscopic 
study or biopsy the nature of this exti’abronehial lesion. 

Certain other clinical considerations are immediately presented when'a 
diagnosis of amyloidosis is made. In view of the reports in the literature of 
involvement of the mediastinum and lungs in cases of primary generalized amy¬ 
loidosis, the question arises as to whether or not this process was only one of 
multiple similar processes in this patient. Additional clinical and laboratory 
studies made postoperatively, however, did not indicate that other deposits of 
amyloid substance were present. The experience of other author's would indi¬ 
cate that additional accessible cutaneous or submucosal nodules of amyloid 
substance should be evident at a relatively early stage in cases of the generalized 
atypical forms of amyloidosis. 

It is interesting to observe that roentgenograms did not suggest the hilar 
infiltration in this case. This is especially remarkable in view of the fact that 
some degree of calcification was present in the mass. Yet, on subsequent review 
of the stereoscopic roentgenograms and the bronehograms, a roentgenologist said 
that he was unable to define the primary pathologic process in the roentgeno¬ 
grams. 

Deposits of amyloid substance in tissues frequently are described in the 
literature as being grayish, translucent masses which yield a characteristic color 
reaction when iodine is applied to their cut surfaces. In this case, the gross 
picture did not show the classical picture, and did not suggest a typical form 
of such lesions. The extremely tough, leathery consistency of the mass as noted 
by both the surgeon and the pathologist was of much more significance in recog¬ 
nition of the nature of the process. The intercellular deposits of amyloid sub¬ 
stance seen in the microscopic sections were, for the most part, arranged into 
bundles and, in some places, into irregular, small masses. The significance of 
the lipoid deposits within many of these amyloid deposits is not apparent, but 
may represent, in association with the calcification, a degenerative process. 
Increased fibrosis and cellular infiltrations throughout indicate that inflamma¬ 
tion undoubtedly played a significant role in the development of the lesion m 
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tills case. Results of staining with Congo red and methyl violet, as specific 
stains for amyloid substance in tissues, were sufficiently positive to be con¬ 
firming cvidenco of the nature of tho intercellular materia], but tbe variation 
in staining with both of these dyos was evident. This has been noted by other 
investigators and it lias licen thought that ' ‘ preiunyloid ” or ground substances 
would not show tbe same staining characteristics ns more mature amyloid. In 
our case it would appear that tho presence of lipoid in many regions may have 
altered the staining properties. 

In spite of sovoinl recent excellent experimental studies 1 *' 11 on amyloidosis 
of tho secondary typo, tho true nature of amyloid substance and the mechanism 
for its elaboration nre still unknown. In recent studios, it is pointed out that 
the principal chemical stiucturo of this mntorinl is that of a complex protein, 
probably conjugated with other proteins or polysaccharides. 11 ' 11 Valuable addi¬ 
tional information should be forthcoming when the chemistry of proteins is 
further investigated. The variation from tho usual staining reaction seen in 
the so-called primary generalized foim of amyloidosis and the tumor-forming 
localized form of the condition would suggest that perhaps some qualitative dif¬ 
ference exists in the substance which is deposited in tho presenco of each of 
these entities as compared to the intereollular material present in the spleen, 
liver, kidneys, and adrenal bodies in the secondary form of amyloidosis. 
Whether the protein substance, called amyloid, is produced locally in tho organs 
or tissues involved as a result of aberrant metabolic processes, or is deposited 
from tho blood stream, is also undetermined. The process of chronic destruction 
and repair of tissue is apparent in all cases in which secondary amyloid disease 
is presont. When experimental secondary types of amyloidosis are present, the 
fact that excessive stimulation with bnctcrinl toxins and foreign proteins of the 
. immunity mechanism of tlio organism plays an important role in tho production 
of such deposits has been shown clearly by nearly all investigators. Generally 
speaking, therefore, amyloidosis is not a degenerative process, but is a local or 
generalized disturbance of protein metabolism. 

No data are available to explain tho factors involved in the production of 
amyloid deposits in tissues of mesodermal origin that are involved in either tho 
primary generalized form of amyloidosis or in tho localized amyloid “tumors.’ 1 
The origin of amyloid substance in the presence of these disturbances remains 
purely a matter of speculation regarding the role of a pre-existing inflammatory 
process. For example, tho lower port of the respiratory tract frequently is the 
silo of both acute or chronic inflammations, yet tho apparent rarity of deposits 
■ of amyloid substance in recognizable amounts in these organs would militate 
against the fact that the localized form of amyloidosis is on ond result of a 
chronic inflammatory process. Finally, further confusion is added to evalua¬ 
tion of otiologic factors of the production of amyloid when one considers the 
part played by myelomatosis in cases in which myeloma and amyloidosis coexist. 

Of equal importance to tho factors involved in the production of the amy¬ 
loid disease is the consideration of tho process of resorption. of the abnormal 
depositis once they havo occurred. That amyloid is resorbed from various or¬ 
gans has been observed both clinically 1 *' 10 and experimentally 11 ' 10 in the see- 
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ondary form of the disease. On the other hand, primary, generalized amy¬ 
loidosis appears to he a progressively fatal disturbance from -which no recovery 
has been reported. Localized amyloidosis seems to resemble more closely the 
primary or atypical form, so that in the presence of localized amyloidosis local 
resorption would not be expected to occur. Hence, surgical excision or fulgura- 
tion must be the treatment of choice in the eradication of localized amyloidosis. 
The experience of laryngeal surgeons 18 at the Mayo Clinic has been that unless 
thorough excision of lesions involving the larynx and subglottic tissues is accom¬ 
plished, results of treatment are indifferent and unsatisfactory. 

The case we have presented is one of considerable interest in view of the 
increasing number of reports of localized amyloid disease for which surgical 
treatment has been utilized. It is hoped that this report will serve further to 
acquaint clinicians and surgeons with the several forms of amyloid disease, and 
to increase their awareness of the more atypical and localized forms. The 
latter, although apparently rare, can be the basis for obscure lesions in or about 
the lower respiratory part of the tract and, as in this ease, may be amenable 
to some form of surgical excision. The localized form of amyloidosis also 
presents another entity of a sizable group of lesions for which exploratory thora¬ 
cotomy is necessary if successful diagnosis, treatment, and determination of 
prognosis are to be achieved. At the time of surgical intervention, both the 
surgeon and the surgical pathologist must be sufficiently aware of the charac¬ 
teristics of localized amyloid disease to be able to assess properly such lesions 
for surgical treatment. The consistency of the tissue involved by these de¬ 
posits is of diagnostic aid to the exploring surgeon, but the true nature of the 
process must be established by histopathologic examination. In recent months, 
at the Mayo Clinic, several patients who had amyloid tumors involving the 
larynx and urinary bladder have been encountered. In examination of such 
patients the endoscopist, in securing specimens of the lesions for biopsy, has been 
impressed by the toughness of the tissue and its resistance to cutting with 
ordinary forceps. With the aid of certain polychromatic stains, such as poly¬ 
chromatic methylene blue, the amyloid substance can be identified with relative 
ease in the fresh frozen microscopic section. 

SUMMARY AND CONCLUSIONS 

Amyloid disease, other than the commonly recognized typical form sec¬ 
ondary to a chronic debilitating disturbance, is now being recognized as a clinical 
and pathologic entity. It may occur in a more or less generalized distribution 
or may be localized to a portion of an organ, particularly in the connective 
tissue elements and walls of the blood vessels of the involved structure. 

Deposits of amyloid substance which form localized nodular tumors or 
infiltrations, although uncommon, may simulate other pathologic lesions and 
require surgical removal of either a portion of the organ or the entire organ. 

The mechanism of elaboration of this abnormal intercellular material in 
localized masses is not known, and no evidence exists thus far that resorption 
of the deposits occurs either spontaneously or under the influence of conserva¬ 
tive therapeutic measures. 
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The consistency of tho involveJ tissues and the resistance of these tissues 
to cutting mny be valuable diagnostic aids to the surgeon when ho is dealing with 
unidentified masses. The staining characteristics of the amyloid substance are 
of considerable aid to tho surgical pathologist in establishment of prompt posi¬ 
tive identification. 

A ease of localised amyloid distant 1 involving the main bronchus, its branches 
and the Corresponding branches of the pulmonary' vessels at the root of tho 
right lung has been reported herein Pneumonectomy was performed after 
thorough study in an attempt to establish the muse of tho repeated episodes 
of hemoptysis. 
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CASE OF MASSIVE CONGLOMERATE TUBERCULOSILICOSIS 
SIMULATING PULMONARY NEOPLASM 

AVarriner Woodruff, M.D., and Winfield 0. Kelley, M.D. 
Saranac Lake, N. Y. 

T HE case to be reported is that of a patient with a large intrapulmonary 
mass, which, although it had many of the characteristics of a neoplasm, 
was finally proved to be a massive conglomerate nodule of tuberculosilicosis. 

In the literature we have found seven other microscopically proved cases 
of silicotic or tuberculosilicotic masses in which a clinical diagnosis of neoplasm 
had been made. There is also one not yet reported (Skavlem 10 ). While others 
have been described, they all lack microscopic proof. The significant facts 
concerning these nine cases will be summarized. 

CASE REPORT 

The patient, P. G., a 58-year-old Polish male factory worker, consulted his surgeon, 
Dr. Gordon Holden, because of a poorly localized, lower right chest or upper abdominal 
pain of about two months’ duration. There was no definite relationship of tho pain to 
food, position, exercise, or deep breathing. The pain was accompanied by soreness across 
the upper abdomen as well as increasing weakness to tho point of fainting, so that it was 
difficult for him to continue his work. Over a period of several months he had lost about 
16 lbs. He gave no history of coughing, hemoptysis, or dyspnea. However, subsequent pul¬ 
monary function tests demonstrated a considerable decrease in his respiratory reserve. 

Occupational History .—For a period of at least thirty years there was presumptive 
exposure to free silica dust. During the first ten years of this time he worked as a miner 
in a hard rock coal mine and for the next twenty years he was a moldor in a foundry. For 
the last five years he worked chiefly as a factory elevator operator where there was probably 
no exposure to dust, but a portion of this time was spent in a sand pit used for testing 
machine guns. 

Family History .—His father died at the age of 85 and his mother at 65, causes un¬ 
known. Three brothers, aged 70, 65, and 64, are living and well. There is no known 
history of cancer. 

Physical Examination .—The patient was a fairly well-nourished wliite man of medium 
stature, who did not appear ill. No lymph nodes were palpable in the cervical, axillary, or 
inguinal regions. The chest was barrel-shaped and the right hemithorax appeared larger 
than the left. Expansion, although diminished, was equal on the two sides. Both bemi- 
thoraccs were hyper-resonant. Over the right lower lobe posteriorly the breath sounds were 
more distant than elsewhere. There were no rules. Physical examination showed no other 
significant findings. 

Laboratory Studies — 

Chest roentgenograms by Dr. B. C. Hall (Figs. 1 and 2) gave the following findings: 
“X-rays of the chest reveal a symmetrical thorax. The diaphragms are scalloped in 
appearance and are low in position. The cardiac silhouette appears normal. The lung 
fields are hyperventilated and there is an increase in the markings throughout the lung 
fields, as evidence of a fibrosis. There are also some small nodulations in the peripheral 
portions of the lungs. In the right lower lobe there is a dense tumor mass about 8x6x5 
cm., which is in the posterior portion of the right lower lobe and, in the lateral view, over- 
lies the spine. In the mediastinum there is a suggestive round shadow which may be a 
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metastasis. Impression: tumor in right lower Jobo; suggestion of motnatnais to a medinstinnl 
node; diiTuso pulmonary fibrosis, which is suggeativo of exposure to dust. ,, 

Bronohogram* by Dr. Karl Gruppo, foUowing bronchoscopy, sliowcd distortion of tho 
right lovrer-lobo bronclii posteriorly in tho region of tho tnmor mass with some blocking. 

Pulmonary function studies wore done by Dr. Gcorgo Wright, Nor. 29, 1943. Fluoros¬ 
copy showed that both diaphragms and ribs moved equally and normally. Tho mediastinum 
remained in tho midlino. Thoro was no evidence of bronchial obstruction, either complete 
or partial, as determined by tho presonco of trappod air, and the tnmor mass within tho 
lung did not pulsate. 

Resting minute ventilation was 10 L., and maximum breathing capacity was 84 Xu 
Bronchosplromotry results follow: 
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63 

47 

Oxygen absorbed 

52 
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DO 

60 


Blood: Bod blood ccBs wore 4,800,000; hemoglobin, 90 per cent; white blood cells, 
0,200. The differential count was polymorphonuclear noutrophiles, 54 per cent; lymphocytes, 
85 per cent; monocytes, 7.5 per cent; eoainophiles, 3.5 per cent; with nonfilaments, 20 per 
cent. Sedimentation rnto was 14 mm. in. one hour (Cutler method). Wassermann was negn* 
tire. 

Urine: Tho specific gravity was 1.017 to 1.025. Urine was consistently negative for 
sugnr, albumin, casts, and ml blood colls, with an occasional wliite blood coll. 

/fyufum; Nono was produced for examination. 

Electrocardiogram was normal except for prolongation of the P-R interval. 

A diagnostic bronchoscopy revealed no direct evidence of tnmor. The only significant 
Hading woe some obstruction of tho dorsal bronchos to the right 1 error lobe. 

A previous bronchoscopy reported by Or. Grupro revealed "a suspicions thickening of 
the septum between tho axillary segment nnd the basal bronchi of the right lower lobe. 

Upon completion of tho studies, it was concluded that the patient iind a pulmonary 
neoplasm of undetermined typo and tho prosenco of silicosis rvas considarod to bo an inci¬ 
dental finding. Tho mallgnoncy of the tnmor vrns questioned beennso of its sire, sharp out- 
line, and apparent lock of lymph node involvement. 

Pneumothorax on tho right was instituted as preliminary to exploration. Pour days 
later, on Doe. 4, 1043, tho chest was opened. Tho lung was free except for a few ndhalons, 
mainly to the dlaph^gm. Tho parenchyma was studded with many smallhard nodule. 
The apex of tho upper!iobo was shrunken and suggested the presence of nn old tuberculosis. 
A very-firm, rounds muss, 6 or S cm. In diameter, wn, situated m the apex of tho lowu 
lobe. Because of obliteration of the major and minor fibres, It was tapossibh* 
the extent of invasion of the tumor. Mediastinal node, wore palpable, “d “ltto^gh th^ 
were soft, the possibility of metnstascs conld not be excluded. X | J™ 8 ‘ ^ ’ 

that a pneumonectomy should be performed. This was on 7 , u t nro s of 

of Individual lignHon of the hilar structures nnd closure with interrupted , 
the bronchial stump, which was then pleuralixed. , 

Postoperativohr, sterile fluid was removed from the right pleural space on a tm -m- 
slon, to neutralise the pressure. Except for tho development of on attack ot 
tho fifteenth postoperative day, tho patient’s course wn, smootln A sputum e”^“* 3 ° n 
during this attude™ negative for neid-fost bscflU both by direct examraation and guinea- 
pig inoculation. He retnmod to his home on tho thirty-fifth postoperative aay 

Because of mediastinal displacement to tho right nnd the pr^ence of sill«™i. In U,e 
left lung, a two-singe thoracoplasty, right, was performed on March £3, 1944^ and April 14, 
1944. Since recovery from these operations he bus regained Ms uoight snd strength. There 
continue, to be some disability, chiefly beennso of dyspnea nnd also because of discomfort 
in th© right chest. 
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Pulmonary function studies (Table I) were performed by Dr. Wright (1) before pneu¬ 
monectomy;. (2) postpneumonectomy but before thoracoplasty; (3) post-thoracoplasty. 

The surgical specimen was examined by Leroy U. Gardner and William H. Carnes of 
the Saranac Laboratory (Figs. 3, 4, and 5) and showed the following: 

Gross: There was black pigmentation, marked diffuse emphysema, and an occasional 
silicotic nodule from 1 to 5 mm. in diameter; there was a large, oval, 8x4 cm., Bliarply 
circumscribed, black, conglomerate, tubereulosilicotic mass in the hilum of the lower lobe; 
a discreto 5 mm. calcified nodule was in outer layer of conglomerate mass, and a completely 
calcified hilar lymph node. 



Fig. 1.—Posterior-anterior roentgenogram showing the tumor In the right lower lobe and an 
increase in markings throughout both lung fields. 

Microscopic: There were scattered small hyalin silicotic nodules in all parts of the 
lung; the large mass at the hilum of the right lower lobe was a typical conglomerate lesion 
with some areas of granular caseous necrosis but no fresh cellular or epitlieloid cell lesions; 
and a very occasional acid-fast bacillus was found in the caseous mass. 

Diagnosis: Silicosis; conglomerate tubereulosilicotic lesion of right lower lobe; nnd 
healed calcified primary tuberculosis complex. 

SUMMARY OF REPORTED CASES 

In Tables II and III there is a compilation of the significant data on the 
nine reported cases of verified conglomerate silicotic nodules simulating neo¬ 
plasm. Rendich and Camiel 0 recently reported two cases of their own and 
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discussed five others. Of tliesc seven we have accepted six as proved. The other 
esso they mentioned, one reported by Pinggio Blanco and associates, 7 has been 
omitted hero because microscopic proof was lacking. Another case has been 
reported by Zech. 33 

Tiie case here reported is number eight Jn addition, I)r. John H. Slcaviem 10 
reported to us tlint late in ltHtl he hud a similar ease in which lobectomy was 
performed for a tumor which on miei-oscopir examination proved to bo silicotic. 



■ .C % x ' * 

* s. ' - , T •; C-.* " - •. 



Flc. 2.—‘Rtrfit lateral roentconoffmm allowing tumor In lower lobo. 

Ho has since written 73 that, duo to personnel upsets occasioned by the war, he 
lias been unable to date to make a more complete report. This would seem to 
he the ninth proved case. In addition to the reported proved cases, there maj 
he othew, 7 . 33 Gardner 3 states that conglomerate lesions are common in silicosis, 
hut that because of tlicir bilateral or “bat-wing" appearance, together with 
their ill-defined outline and their appearance in lungs with widespread silicosis, 
the typical cases aro seldom diagnostic problems. 

A summary of the cases hero listed reveals that the most common symptom 
is dyspnea, at first noted only ou exertion, hut gradually progressing. Loss of 
weight was noted in six patients. Expectoration, when noted, was scanty, and 
there was no record of hemoptysis. 
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The average age in the eight patients at the time of hospitalization was 
52 years, with extremes of 34 and 73 years. 

In the eight patients having pathologic examination, tuberculosis was 
proved in 50 per cent. In only one patient, however, were tubercle bacilli 
found clinically (Case 1), and then only by gastric analysis. Sputum, if 
present, was usually scanty. This was observed also in some of the other 
reported probable cases, such as those of Piaggio Blanco and associates 7 and 
Minet and associates. 0 



Fig. 3.—Sagittal section through right lung (natural size). The upper lobe presents the 
usual picture of generalized, discrete, silicotic nodulatien without evidence of Infection . a 
localized focus of emphysema is present beneath the thickened apical pleura. The mlaaie 
lobe is not Included in the plane of section. A large, ovoid mass can be seen occupying a por¬ 
tion of the lower lobe. This is hounded above by the Assure and below by its essential mem¬ 
brane. This "tumor" is black, hard, and rubberlike, except in places where it is undergomb 
caseous, softening. Mesially it includes an enlarged, calcareocaseous, silicotic lymph nou 
which adjoins the bronchus and dislocates that structure. Elsewhere the lower lobe is ire® 
from evidence of infection. Mesially there are discrete black silicotic nodules and, in m 
costophrenic regions, extensive emphysema. 
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Bronchoscopy was performed in Cases 3, 4, 5, and S, with negative findings. 
Aspiration biopsy wns performed by Gut 4 in Case 5, and bos been discussed by 
Piaggio Blanco and associates, 1 but it baa not resulted in tho making of a 
proper diagnosis in a single instance. 



Fig. A .—Hlstologlo »ectlon of conglomerate lesion (magnification 1:1). TUI* »how* the 
•harplj' d a/ 1 nod bordor* with absence of Inflammatory reaction In tho jurroundint; iang. Tho 
center of the man 1* composed of diffune and nodular hynllno fibrou*' tissue heavily pigmented 
with coal dust Area* of necro*I* are of llghtor shade. No calcified foci are Included In tho 
plana of *ectlon. 

Fig. 6.—HUtologic *ectlon of the apex of the upper lobe (magnification 1:1). Emphy¬ 
sematous bleb* cam be seen »urrounding- two black. silicotic nodule*. There are many email, 
discrete nodules widely scattered through the section. There Is also considerable linear pig¬ 
mentation In the pleura and the wall* of blood vessels. 

DISCUSSION 

The significant fact which is demonstrated by the presont case and the 
series of eight others briefly reviewed is the confusion winch can nriso in m akin g 
a differential diagnosis between conglomerate tuberculpsilieosis and pulmonary 
neoplasm. The problem of differential diagnosis is simplified whon the masses 
are bilateral as is usually the case, and particularly when the masses occur on 
a background of generalized nodulation.’ If one is fortunate enough to have 
serial roentgenograms over a period of years, confusion is not likely to occur. 
Furthermore, the behavior of the shadows in such a scries is perhaps tho most 
reliable index of activity of the process. In the presence of silicosis-a conglom¬ 
erate nodule is much more likely to occur than is a carcinoma.’ On tho other 
hand, Pohle and Ritchio' comment that in their case “roentgenological diagnosis 
of neoplasm was justifiable even in tlio light of post-mortem findings. ’ 

In two of the cases reviewed here (Cases 3 and 8) the masses were uni¬ 
lateral. This fact alone is confusing. In addition, when a easo is first, seen 
with a well-devoloped nodule and tlicro have been no previous films, diagnosis 
may be difficult. Piaggio Blanco and his co-workers' report that “many cases 
of silicosis of the lung iinvo been operated upon with the mistaken diagnosis 
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Table I. Results of Studies of Pulmonary Function 


PULMONARY FUNCTION STUDIES 

PREOPERATIVE 

11/27/43 

POST- 

PNEUMONEOTOMY 

3/20/44 

POST- 

THORAOOPLASTY 

10/13/44 

| LITERS 

1 % 1 

LITERS | 

% 

| LITERS 

1 % 

Maximum breathing capacity 

84. 


54. 


55. 


Lung volume: 







Total 

7.11 

100 

3.74 

100 

3.37 

100 

Vital capacity, available 

4.98 

70 

2.21 

59 

1.88 

56 

Vital capacity, used 

4.28 

60 

2.19 

58.5 

1.84 

54.5 

Mid capacity 

3.54 

50 

2.40 

64 

2.09 

62 

Reserve air 

1.41 

20 

.87 

23 

.60 

18 

Residual air 

2.13 

30 

1.53 

41 

1.49 

44.5 


Table II. Proved Cases of Silicotic Lesions Simulating Neoplasm 






[ CLINICAL 

OASE 

AUTHOR 

LOCATION 

SYMPTOMS 

DIAGNOSIS 


1 Reudicli 

and 
Camiel 

2 Rendicli 

and 

Camiel 

3 Bradshaw 

and 

Cbadoff 

4 Pohle 

and 

Ritchie 

5 Holman 

and 

Pierson’s 
Case #7 

6 Gut 


7 Zech 


8 Woodruff 

and 

Kelley 

9 Skavlem 


Bilateral: right consolidation 
of base; left, smaller area in 
middle 

Bilateral: right, upper; left, 
upper and smaller 

Unilateral: right, area size of 
half dollar at hilum; left, 
clear 

Bilateral: right, large, irreg¬ 
ular mass into lower lung; 
left, smaller mass 

Bilateral: Right, round cir¬ 
cumscribed density at base; 
left, large mass, base. 


Cough following broken 
ribs, loss of weight, 
weakness, occasional 
hemoptysis 

Recurrent attacks of 
nocturnal dyspnea, loss 
of weight 

Cough, loss of weight, 
and dyspnea for 9 mo. 

Dyspnea on exertion and 
weight loss 


Carcinoma of right 
lung with metas¬ 
tasis to left 

Lymphoma or car¬ 
cinoma of lung 

Lung abscess— 
later, pulmonary 
carcinoma 

Bronchogenic car¬ 
cinoma 


Numbness and weakness Tumor or abscess 
of legs for one year with pneumonoco- 

niosis 


Dyspnea for 3 to 4 years, Carcinoma of lung, 
cough and expectora- either primaiy or 
tion, chest pain, loss of metastatic 
weight, sweats 

Increasing weakness and Bilateral lung tu- 
psycliomotor instability mor 


Bilateral: left, ‘ ‘ fist-s i z e d 
shadow ’ ’ upper portion; 
right, smaller shadow, middle 
fichl 

Bilateral: loft, infraclavicular, 
sharply defined, oval shadow 
size of palm of hand; right, 
slightly smaller shadow pres¬ 
ent for 7 years 
Unilateral: right, 8x4 cm. 
oval, sharply defined shadow, 
lower lobe; left, clear except 
for increased markings 
This patient had lobectomy for tumor which proved to be a massive silicotic 
lesion. 


Weakness, loss of weight, Tumor right lower 
chest pain lobe, type unde¬ 

termined 


of carcinoma and the correct diagnosis established only after the histologic study 
of the specimen removed.” While this was true in the case reported here, as 
well as in that of Bradshaw and Chadoff 1 and also the one of Skavlem, 10 no 
others have been discovered in the literature. Zech 18 states that Conrozier and 
Magnier reported tumorlike shadows in thirty miners. In any case of silicosis 
with a coexisting discrete pulmonary shadow, a diagnosis of conglomerate tuber- 
eulosilicosis should he entertained. 

The relationship between tuberculosis and silicosis is close. Gardner 3 feels 
that the large, conglomerate, silicotic lesions almost always show tuberculosis, 
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and points out the frequency with which bacilli ultimately appear after these 
lesions attain maturity, even though the sputum has been negative for a long 
time. (In the present scries sputum was recorded ns positive in one instance 
and at post-mortem examination only 50 per cent were felt to be tuberculous.) 

In somo instances these lesions become caseous and excavate. Such an occur¬ 
rence introduces the term of “phthisis atra,’’ a name in the older literature 
“used, to designate cavity formation in high-grado anthracotic lungs of 
miners.” 13 The case of Holman and Pierson' (Case 5, Table II) illustrates this 
entity. The patient was a quartz miner with marked pneumonoconiosis and 
bilateral cavities and, therefore, ft ease of “phthisis atra.” 

In making a diagnosis of conglomerate tubereulosilicosis, the most important 
factor would seem to be a history o 1 * 3 * * * * * 9 prolonged exposure to silica. Table IH 
shows that the actual duration of exposure is known in live patients and aver¬ 
aged twenty-four years. In only one ease could no exposure Ire traced, and 
that fact, alone would east doubt upon the diagnosis if it were not tliat chemical 
analysis of the lung tissue revealed a tremendous increase in silica content. 

Although exposure is usually prolonged, symptoms may not develop until 
years after exposure has ceased, hoidich and CamielV first patient had a 
history of 25 years’ exposure, but hed not been exposed for twenty-four years 
before hospitalization. 


Table in. Doiutiok or Extosobe to Dcbt 


cast: 

AUE 

DURATION OP 
EXPOSURE AND 1 
TYPE OP DU8T 

YEARS 

BINCE 

EXPOSURE 

1 

73 

25 years coal dust 

24 

o 

46 

Coni miner and 
steel worker un¬ 
known number 
of years 

Unknown 

3 

34 

12 years coal dust 

None (1) 

4 

86 

No history of ex¬ 
posure to dust 

Unknown 

5 

58 

28 years quart* 
miner 

Unknown 

C 

56 

Several years in 
pottery factory 

2(H- 

7 

01 

26 years miner in 
Germany (Her- 
ner Region) 

10 


TKEATMZNT AND FR0GHEB8 OF DISEASE 
To mined admission, no treatmont 
Terminal admission, no treatment 


Two courses of x-ray therapy followed by extension 
of disease bilaterally; pneumonectomy, contra¬ 
lateral pneumothorax, death 

X-ray therapy; 2 months later showed bilateral 
increase; adaitionnl treatments did not prevent 
steady docline 

Treatment limited to accompanying anemia; death 
in 0 months 

Dyspnea noted 4 years before admission; condition 
stationary for 8 months under observation; death 

3 days following admission 

Eight years before admission and 2 years after 

cessation of exposure, npplied for pension as 
invalid; diagnosis of pulmonary tnbercnlosfs 
mado on physical examination, never confirmed 
by x-ray; no expect oration- Admitted lor ter¬ 

minal care; irrational; no specific treatment. 


8 08 10 years hard rock 

cool miner; 20 
years as moulder 
in foundry 


5 + I’neumonectomy; later, thoracoplasty; dyspnea 

more evident following pneumonectomy. 


9 Facta unknown 11 
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TREATMENT 

We know of no specific medical treatment beneficially affecting silicosis. 
Although roentgen therapy was employed in Cases 3' and 4, it was based upon 
the mistaken diagnosis of pulmonary carcinoma. Its use was followed by exten¬ 
sion of the lesion in each patient. Surgery is of limited value. Most patients 
with fairly extensive silicosis are quite dyspneic, so that any procedure involv¬ 
ing a sacrifice of lung tissue will necessarily increase the disability. With the 
present method of measuring individual lung function, it is possible to predict 
quite accurately the expected disability following pulmonary resection. The 
removal of a conglomerate tubereulosilieotic lesion by lobectomy or pneumonec¬ 
tomy may at times be an impossible or at least a futile procediue. In those 
instances where the tumor formation is unilateral and the patient’s respiratory 
reserve is adequate, as in our case, we believe exploration and resection is indi¬ 
cated for two reasons. First, diagnosis is not so certain that malignancy can 
be excluded. This was true in our ease and in case 4: 8 Second, in certain 
instances these tumors undergo necrosis and cavitation. It would seem desirable 
to prevent this if possible. 

SUMMARY 

A single case of conglomerate tubereulosilieotic nodule is presented, an¬ 
other is mentioned, and the seven previously reported eases are discussed briefly. 

Whenever a lung tumor appears in a person who has been exposed to large 
amounts of silica, the possibility of a conglomerate tubereulosilieotic nodule 
should be considered. 

"We are indebted to Dr. L. U. Gardner and the staff of the Saranac Laboratory for 
the preparation and study of the pathologic material presented in this paper. 
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SPONTANEOUS RUPTURE OP THE ESOPHAGUS 
Report of a Case with Recovery 

Norman William Prink, 1LD.° 

VANcotrran, Wash. 

OPONTANEOUS rupture of the esophagus is of rare occurrence. It is gen- 
kJ ernlly accepted to be fatal when it does occur. For that reason it is 
worth while to record the following case in which the patient went on to com¬ 
plete recover}'. By the term “spontaneous rupture” is meant the rupture of 
ati esophagus presumed to bo previously normal. 

In 1943, Klein and Grossman 7 reviewed the litorature on this subject and 
found forty cases reported with a mortality rate of 100 per cent. Since then, 
Collis, Humpliroys, and Bond* have reported one and Elinson and 1 Welky 4 three 
more. None of these patients recovered. 

While a great many patients with esoplmgenl perforation due to foreign 
bodies or instrumentation havo recovered, to date no patient with spontaneous 
rupture has been reported that survived. Graham, 6 in a footnote in the Tear- 
hook of General Surgery for 1944, states that he has seen two patients recover 
after drainage of an accompanying empyema. It is doubtful if the case re¬ 
ported by Benson and Penherthy 7 should he included, since an esophageal ulcer 
was aeon by esopbagoseopy a few hours before rupture occurred'. Clinically 
this case did present the same problems that would have resulted from a spon¬ 
taneous rupture. 

Vinson* -11 has reported a number of cases of esophageal Btricture that he 
felt wore due to small spontaneous ruptures resulting in strictures upon henl- 
ing. There is considerable justification in assuming that these strictures did 
form in this manner. Conceivably a numlier of these might have been due to 
incomplete ruptures. 

A 42-year-old, Troll-developed, rather obese whits malo was admitted to the Herman 
Kiefer Hospital, Detroit, Mich., July 9, 1011. He appeared very £11. Ho was dyspneic at 
rest and noticeably cyanotic. His temperature was 102° F., respirations 34 per minnto, and 
Ills pulso rate was 120 per minute and of poor quality. At the time of his entry the patient 
was too ill to give a satisfactory history. He had been admitted to another hospital four 
days oarlier complaining of shortness of breath, upper abdominal pain, and pain in tho loft 
side of his chest. Ho had been treated with oxygon and sedatives and kept under obser¬ 
vation. A chest roentgenogram had revealed a loft pleural effusion. A thoracentesis hod 
been performed, disclosing the presence of clear yellow Said with no deaovstr able organisms. 
He had then been transferred to Herman Kiefer Hospital with a presumptive diagnosis of 
tuberculous plearitia with effusion. 

Examination upon entry revealed a very sick man with the physical findings of a left 
hydropneumothorax. This was confirmed by fluoroscopy and x-ray. The patient's abdomen 


From the Department of Sorcery. Northorn Pormanente Foundation. Vancouver. Wash. 
Received for publication Nov. 1 , 1M0. 

•Formerly Resident Physician, Herman KJefor Hospital, Detroit. 



292 


THE JOURNAL OP THORACIC SURGERY 


was distended and the presence of mild epigastric tenderness was noted, A left thora¬ 
centesis was performed immediately, and 800 c.c. of very foul smelling, thin, purulent, 
brownish fluid were removed. The removal of this fluid gave the patient but scant relief 
from his dyspnea and discomfort. Bacteriologic examination of the fluid revealed the 
presence of Staphylococcus albus , Streptococcus viridans, and Bacillus influenzae. No acid- 
fast organisms were found. The patient’s white blood count was 19,800 per cubic millimeter 
with 73 per cent neutrophiles, of which 20 per cent were nonsegmented. His hemoglobin 
measured 74 per cent and his erythrocyte count was 3,700,000 per cubic millimeter. His 
urinalysis was essentially normal. 

The patient was placed in an oxygen tent and given sulfathiazole by mouth. While 
in the oxygen tent he was fairly comfortable but became cyanotic if the tent was removed. 
The next day another thoracentesis removed 500 c.c. of the same type of fluid, again without 
giving the patient any relief. 

Believing the patient had an acute putrid empyema probably secondary to a small 
spontaneous bronchopleural fistula of unknown etiology, a closed intercostal drainage of the 
left pleural cavity was performed, using 1 per cent procaine as local anesthetic. The in¬ 
tercostal catheter was connected to a water-tap suction maintaining a constant negative 
pressure of 20 to 24 cm. of water. This catheter failed to function satisfactorily because it 
frequently became plugged in spite of irrigations every few hours. Although the oral fluid 
intake measured 4,000 to 5,000 c.c. per twenty-four hours, the patient’s twenty-four-hour 
urinary output was never more than S00 c.c. Usually it measured from 450 to 000 c.c. 
Clinically the patient gradually improved. 

On July 29 an open thoracotomy by rib resection was performed by Dr. Norman J. 
Wilson, resident surgeon. A few hours later the dressings were saturated with a thin 
greenish material that had an odor much like fresh vomitus. While the dressings were being 
changed the patient drank a glass of water. Immediately the water gushed out of tho 
thoracotomy wound. It was then obvious that the patient had a perforation of the' esoph¬ 
agus with an esopliagopleural fistula. 

At this time a more complete history was obtained. The patient admitted to drinking 
an average of twenty to thirty bottles of beer daily, but stated that he rarely drank any¬ 
thing stronger. He had been subject to rare mild episodes of pyrosis that never incon¬ 
venienced him. He had noticed a slight nonproductive morning cough for ten or fifteen yenrs. 

On the evening of July 3 he had drunk several strong gin drinks, after which he be¬ 
came nauseated and vomited twice. Both times the .vomitus contained fresh blood. He 
immediately developed a constant epigastric pain which apparently was not .very severe. He 
soon felt ill and went to bed only to find he was dyspneic upon lying down although fairly 
comfortable sitting up. The next day (July 4) he drank fifteen to twenty glasses of 
whiskey and soda. Later in the day he again felt very ill but could be comfortable only 
in the sitting position. Early in the morning of July 5 he suddenly became extremely 
dyspneic and began to have increasingly severe pain in the epigastrium and the left side 
of his thorax. He then called a physician who sent him to a hospital. 

As soon as the diagnosis of rupture of the esophagus was made, aU food and fluid by 
mouth was discontinued and he was given only parenteral fluids. The advisability of doing a 
gastrostomy or inserting a nasal feeding tube was discussed but it was decided to observe 
him for a longer period of time. He seemed to be quite comfortable and continued to im¬ 
prove. Four days later (August 2) he vomited a small amount of fresh blood and shortly 
afterward passed several pints of dark clotted blood per rectum. He rapidly went into 
shock. He was given several whole blood transfusions within a few hours and his condition 
improved. No further massive hemorrhages occurred. A soft rubber nasal feeding tube was 
passed into his stomach and hourly feedings given through this. After a week the patient 
objected so strenuously to the tube that it was removed. Methylene bine given by mouth 
still appeared on the thoracotomy dressings a few seconds after being swaUowed. He was 
given a soft diet and although a fair percentage of the ingested food escaped from the 
thoracotomy wound this seemed to be lessening daily. By September 9 there was no evi¬ 
dence of an eaophagopleurocutaneous fistula. 
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At this tune ncM-fnst ovgnnUm., were found in hij .putnm on three oeouion.. An 
overexposed roentgenogram of tho chost revealed n two cm. cavity in the apex of the par- 

1 u y e ^ lang ' Snb * e 9 ni '“ t sputum Bmeara and cultures failed to reveal Lv 

acid-fast bacillL Also subsequent roentgenograms of tlie chest did not disclose any cavity.’ 


Pit- 1.—Reproduction of roentgenogram (retouched) illustrating the partial esophageal fllllnc 
defect which waa present after the rupture healed. 



The patient continued to improve slowly and by November the empyema apace was 
entirely obliterated. A full diet was not only tolorated very well bat was demanded by the 
patient. On November 23, barium studies of the esophagus disclosed no stricture but there 
was noted a 1% ineh irregular partial filling defect on tho left anterolateral wall of the distal 
esophagus just proximnl to the caxdia (Fig. 1). This was interpreted by Dr. 0. 0. Birkelo, 
radiologist, as representing scar-tissue formation secondary to the rupture. Subsequent 
studies five months later showed this defect to bo unchanged. The patient was entirely 
asymptomatic at this time and lias remained so. Three years later (July, 1040) he was 
traced and interviewed. lie stated ho hod remained in excellent health and had no pain, 
dysphagia, or discomfort. It was not possible to convinco him of tho advisability of more 
x-ray studies of his esophagus. 

Most commonly, the patient with n rupture of the esophagus is n male be¬ 
tween 35 and 45 years of age who has been a heavy drinker. After an episode 
of forceful vomiting, with or without hematemesis, lie is seized with a sudden 
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agonizing upper abdominal or subsiernal pain so severe that the usual dosages 
of morphine give no relief. An important observation is the early but rather 
transient presence of subcutaneous emphysema in the neck and upper anterior 
chest wall. There may be considerable upper abdominal tenderness and mus¬ 
cular spasm. Soon there is evidence of a left hydrothorax or hydropneu¬ 
mothorax. Roentgenograms of the chest may reveal mediastinal emphysema or 
even a mediastinal fluid level if the infection remains localized to that area. 
Very soon, however, roentgenograms will disclose a pleural effusion, usually 
on the left side. The patient is acutely ill and in the course of a few hours 
goes into a state of vascular collapse from which he rarely recovers. The diag¬ 
nosis of a spontaneous rupture of the esophagus could be quickly and easily 
confirmed by watching the course of a swallow of barium mixture with the 
patient behind the fluoroscopic screen. 

While this patient did not present the classic symptoms of rupture of the 
esophagus, the diagnosis might have been made much sooner if the possibility 
of this condition had been considered. There were several details during this 
patient's early illness that were either overlooked or to which too little import¬ 
ance was ascribed. First, an adequate history of the onset of the illness was 
not obtained. This -was an inexcusable error. Second, even though he was 
receiving an adequate fluid intake he was constantly thirsty, mildly dteliydrated, 
and had an abnormally low urinary output. He received large dosages of 
suifatliiazole orally but his blood sulfathiazole levels were usually too low to be 
accurately determined. Probably most of his oral fluids and medications 
passed into his left pleural cavity and were removed by the intercostal suction- 
drainage. It was noted that the intercostal catheter became roughened and 
soft and 1 that the edges of the fenestrations cut in it tended to become everted. 
This latter point could be seen even on one of the chest roentgenograms. This 
may have been due to the action of the gastric juices on the tube, although it 
could have been produced by the infection in the pleural space. What was 
thought to have been fibrin flakes blocking the tube might have been food par¬ 
ticles or coagulated milk. 

Had the pleural fluid been analyzed for the presence of gastric juice the 
diagnosis would have been obvious from the first. On four occasions 1 ’ 6 ’ 8 * 14 the 
diagnosis of rupture of the esophagus has been made during life by this 
procedure. 

Eliason and Welky 4 have recently reported three fatal cases of spontane¬ 
ous rupture of the esophagus and have admirably reviewed the theories as to 
etiology and discussed the usual clinical and autopsy findings. Apparently 
the inciting cause is a sudden increase in intraesophageal pressure, brought on 
by forceful vomiting, straining, or external trauma to the abdomen or thorax. 
In practically all cases coming to autopsy a linear tear is found in the esopha¬ 
gus just proximal to the cardia. Associated with this are variable degrees 
of mediastinitis and' left pleuritis. Sometimes the esophagus raptures directly 
through the left parietal pleura where it is in intimate contact with the lower 
esophagus. On other occasions a mediastinitis results first with a concomitant 
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left pleural effusion vrliicli soon becomes purulent as the mediastinal infection 
invades it. Whether or not pre-existing pathologic changes must he present in 
the esophageal wall before rupture can occur has not been satisfactorily settled. 

The rcasou these patients die so quickly is still unexplained. Unquestion¬ 
ably, the sudden forceful onslaught of chemical and infective mediastinitis 
and pleuritis is the most important factor. Just what effect this produces on 
the adjacent sympathetic nerves and plexuses is largely conjecture. The pa¬ 
tient mnj- survive the first few days, if the infection is not overwhelming, only 
to succumb to a massive hemorrbago from the site of rupturo when he seems to 
be on the road to recover)-. 

Because the condition is so rare and so few cases have been diagnosed 
during life, the literature contains but few recommendations as to therapy. 
Williams and Boyd 13 suggested early thoracotomy drainage. This is also sug¬ 
gested by Vinson . 13 Benson and Penberthy 3 reported a case of rupture of 
an esophageal ulcer into the pleural cavity treated by closed drainage of the 
empyema and the patient recovered. Eliasou and Welky 4 recommend posterior 
mediastinotomy. This would' appear to be the procedure of choice if the infec¬ 
tion were limited to the mediastinum. If an empyema is present, the author 
recommends a closed intercostal drainage preferably with constant suction. 
This would tide tho patieut over bis initial toxicity. When his condition had 
improved sufficiently' and when it was felt that the mediastinum was well fixed, 
an open thoracotomy drainage should he done. 

Surgical repair of the esophagus following spontaneous rupture has been 
attempted but once . 3 In this instance the patient expired twenty-one hours 
after operation. This is truly a formidable procedure to perform on a desper- 
ntelj- ill patient, and, to be successful, would have to bo done within a few 
hours after the rupture had occurred when an accurate diagnosis is most diffi¬ 
cult. It would seem that these early hours might better be spent in attempting 
to resuscitate the patient by means of sedation, oxygon, parenteral fluids, and 
transfusions, with surgery limited to simple drainage of the infected region. 

In the light of our present knowledge of chemothernpeusis the administra¬ 
tion of penicillin hi large dosages is definitely indicated. At the same time, 
one of the sulfonamide salts given intravenously might bo a worth-while ad¬ 
junct to penicillin. The efficacy of these drugs of course depends entirely 
upon the bacterial flora present, 

Esophagoscopy is not recommended. Therapeutically it offers the patient 
noticing. There is real danger of further traumatizing friable inflamed eso¬ 
phageal tissues by its use. Obserring n swallow of barium sulfate mixture un¬ 
der the fluoroscopic screen would give the same diagnostic aid as esophag¬ 
oscopy with none of the disadvantages of the latter. 

The use of a nasal feeding tube is open to strong criticism because of tho 
possibility of producing further injury by the passage of the tnbe and the irri¬ 
tation the tube would theoretically produce by residing over the site of rupture. 
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Possibly these dangers are not as great as they might seem. If it is used, a 
chest roentgenogram should be taken immediately after passing the tube to 
determine its position. Vinson 13 has reported a case in which the tube was 
visualized looped outside of the esophagus into the mediastinum. 

Whether or not a gastrostomy or jejunostomy should be done for feeding 
purposes is a moot question. Again this is a major operative procedure for 
a critically ill patient. Probably those patients who survive the first few days 
would recover without it if a fatal hemorrhage did not inteiwene. The patient 
could well be supported during the initial few days with fluids given intrave¬ 
nously and subcutaneously. As soon as the patient’s condition permits, it is 
recommended that a jejunostomy be performed. This would place the esopha¬ 
gus at rest as much as is possible while at the same time providing a means of 
supplying much needed nutrition. This is much to be preferred to a gas¬ 
trostomy, as it would obviate the danger of a reflux of food through the rent 
in the esophagus. In a few cases coming to autopsy it was noted that the eso¬ 
phageal rupture extended into the stomach. It thus seems advisable to keep 
the stomach as empty as possible as well as the esophagus. 

It would be well to have compatible blood kept in readiness in a “bank” 
or refrigerator so that it might be administered with no delay if a hemorrhage 
occurs. The danger of this secondary hemorrhage is greatest during the first 
week or two. If the blood is ready and instantly available, its use may well 
prevent a fatality. 

If the patient recovers, he should be checked at intervals of a few weeks 
or months by means of barium studies of the esophagus because of the possi¬ 
bility of subsequent stricture formation. If a stricture did occur, treatment 
could be started early before obstruction intervened. 

With the exception of the two cases mentioned by Graham, 6 this is the first 
case to be reported of recovery following spontaneous rupture of the esophagus. 
If the entity of rupture of the esophagus is borne in mind, many more cases 
should be diagnosed before death. Undoubtedly the mortality rate will always 
be high, but if the diagnosis can be made early enough and prompt treatment 
begun, more and more patients should recover. 


CONCLUSIONS 


1. A case is presented in which the patient recovered following a spon¬ 
taneous rupture of the esophagus. 

2. Certain recommendations and suggestions as to diagnosis and treatment 
are discussed. 
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HORNER’S SYNDROME AND HYPERABDUCTION NEUROVASCULAR 
SYNDROME FOLLOWING INTRAPLEURAL PNEUMONOLYSIS 

Aaron Paley, M.D. 

Denver, Colo. 

T HE following case report is presented because of the occurrence in a single 
patient of two rare complications of intrapleural pneumonolysis. 

CASE REPORT 

A 39-year-old. wliite male was admitted to the hospital on April 24, 1944, with a his¬ 
tory of pulmonary tuberculosis discovered three years before. Roentgenograms of the chest 
showed extensive, exudative-fibrotic changes in the left apex and first and second costal 
interspaces. Phreniclasia, left, was performed on May 19, 1944. The operation was brief 
and uneventful. Pneumoperitoneum was induced on the following day. Following these pro¬ 
cedures, no changes were noted in the eyes or extremities, neither postoperatively nor in a 
careful general re-examination on Aug. 16, 1945. The radial pulse was counted with equal 
ease in either wrist, both by members of the staff and by the patient himself. Beginning, 
however, in November, 1945, it was noted that the left radial pulse became increasingly diffi¬ 
cult to feel, finally becoming impossible to detect. The patient had no discomfort and noted 
no other differences in the left arm. Artificial pneumothorax was induced on the left on 
March 22, 1945, and pneumoperitoneum was discontinued in October, 1945. 

Because of the persistence of positive cultures of gastric washings and because of x-ray 
evidence of an area of uncollapsed, diseased lung held up by adhesions, an intrapleural pneu¬ 
monolysis was undertaken on June 17, 1946. A broad adhesion was seen extending from the 
apex of the left upper lobe to the upper posterior chest wall, at the level of the first rib. Lung 
tissue extended to within 0.5 cm. of the chest wall. The site was injected with procaine solution 
through a long needle under direct observation through the cannula. The adhesion was di¬ 
vided, with some difficulty and somo pain, close to the chest wall. In so doing, a small inter¬ 
costal vessel was opened, which was subsequently sealed with the cautery. The operation lasted 
seventy-five minutes. 

During the operation the patient’s left arm was held in a position of anterolateral 
hyperabduction. After about twenty minutes, he began to feel numbness, paresthesias, and 
electric-shocklike sensations radiating down the arm to the finger tips. These became very 
severe but abated rapidly after the operation. The immediate postoperative course was un¬ 
eventful. 

On June 26, 1946, the patient experienced a feeling of pressure in the left chest and 
fainted. Physical and x-ray examination revealed accumulation of fluid in the left chest. 
Five hundred cubic centimeters of bloody fluid were aspirated, another 500 on June 29, and 400 
more July 2. 

Ten days after the operation the patient began to have bouts of increasingly severe 
pain, first in the heel of the left hand and wrist, later spreading to the volar nnd medial 
aspects of the forearm. These came on especially at night, were often associated until rela¬ 
tive pallor and coolness of the left hand, “pins-and-needles’’ sensations, tremors, and local 
weakness. The pain became excruciating nnd was described as a feeling of the muscles of the 
forearm being “crushed and twisted.’’ Analgesics nnd opiates gave only partial relief. 
Diathermy did not help. 

A few days later it was noted that the left pupil had become much smaller than the 
right and the left eyelid drooped. There was a slight enophtlmlmos. Anihidrosis was not 
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apparent. Farther examination revealed absence of the subclavian, braeliial, and radial pulse* 
on the loft. Blood pressure in tlio right arm wns 120/80. On the left it was not obtainable, 
though fino oscillations of tho mercury column were observed at 90 mm. The right palm and 
liand were moist, but on the left there was no sweating and tho palmar uJdn was shiny and 
atrophic. Muscular weakness and some atrophy were evident in tho entire left upper ex¬ 
tremity. Repented venous pressure studies, by the direct method, were normal on the right 
(5 cm. of blood), exceptionally low (2 cm. of blood) on the left. The “hand exercise test,” 
which has been used to detect venous obstruction,! wns negative bilaterally. 

A trial injection of 30 rag. of papaverine intravenously produced no detectable change or 
subjective benefit. Ergotamine, 0,5 mg. intramuscularly, neither aggravated nor alleviated 
tho symptoms. In time, the pain became somewhat localized in the lower part of the left 
biceps muscle. It wns still very severe, and the patient was despondent. He noted'that sitting 
up in bed and leaning on his elbows gave him a little relief, while dropping the shoulders ag¬ 
gravated tho discomfort. 

Abatement of symptoms wns very gradual. By October 20 the pain and paresthesias 
were entirely gone, and great improvement in muscle strength was obvious. The loft arm 
wns still pulseless. Tho left hand appeared as warm and pink as the right, bat on hyper- 
nbductlon only the left quickly blnnehcd. The palmar skin on tho left was still shiny, rela¬ 
tively dry, and atrophic. The myosis lrnd improved and laid nn intermittent character. At 
times tlto pupils wero equal or the left actually larger than tho right. The ptosis was slightly 
less marked. Enophtliolmos and anhidrosis wero not apparent. 

DISCUSSION 

Tho syndromo now known as Homer’s was first described in 1858 by 
Claude Bernard, wlto produced it in rabbits by section of tbo cervical sympa¬ 
thetic nerves. Homer, in 1860, described n similar clinical picture in man. 
We have not found Homer’s syndrome listed among tbo complications of intra¬ 
pleural pneumonolysis in the textbooks. That it may follow accidental surgical 
injuries of tho neck is well known, 1 but it has not ljcen described ns complicating 
intrapleural pneumonolysis, except in a few foreign communications and one 
report in the American literature. Honrich, Bouvrnin, and Roche 1 described 
four cases. They point out that nerve fibers from the eiliospinal center in the 
medulla pass into tho anterior branches of the first three dorsal nerves and thence 
into the stellate ganglion and cervical sympathetic stmetures. Vieussen’s nerve, 
which carries fibers innervatiug the iris, unites the middle and inferior cervical 
ganglia or the inferior cervical and first thoracic ganglia. These investigators 
believe that during a high intrapleural pneumonolysis tho stellate ganglion, 
Vicnssen’s norvo, or communicating branches may bo injured. Cnvalcnnti and 
Almeida* also describe two cases. They conclude that the occurrence of Homer’s 
syndrome in their cases is explained by ascent of heat radiated from the cant cry 
during difficult section of apical adhesions. In all cases reviewed, the syn¬ 
drome was observed immediately after pneumonolysis and disappeared or suli- 
sided within a few weeks. 

Kross” reported thrco cases of permanent Homer’s syndrome, two follow¬ 
ing thoracoplasty with Scmb apicolysls and ouo following nn intrapleural 
pneumonolysis that presented no technical difficulties. The latter case wns also 
complicated by intenso subcutaneous emphysema, and the acute onset of the 
syndromo was nt the time attributed to mechanical pressure, since “it is difficult 
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to conceive of a direct injury to the ganglia or chain from manipulation in the 
pleural cavity, however near the apex that might have been.” However, al¬ 
though the subcutaneous emphysema subsided, the Horner’s syndrome was 
permanent. (The position of the adhesions sectioned in Kross’ case appears to 
have been similar to that in our patient, in whom subcutaneous emphysema was 
not, of course, a factor.) Kross raises the question, since the same technique 
was employed in approximately 150 other patients without complication, 
“whether in these three instances, the apparently injured portion of the 
sympathetic nervous system may not have been situated outside of its usual 
location and thus within the area of the operative field, subjecting itself to 
unavoidable trauma.” This is perhaps the most likely explanation of all, though 
one that is scarcely susceptible to direct proof. 

Both the French 8 and Brazilian 4 papers also reported vasomotor dis¬ 
turbances, viz., vasodilatation of the involved half of the face and upper ex¬ 
tremity. Such phenomena are inconstant constituents of the Horner’s syn¬ 
drome and by no means comparable to the severe vasospastic reaction seen in our 
patient. To explain the latter we believe we must invoke another mechanism, 
i.e., the neurovascular syndrome produced by hyperabduction of the anus as 
described by Wright, 6 who discussed at length the differential diagnosis and the 
anatomic mechanism which produces this syndrome. Wright recommended 
“that special attention be paid to the state of the pulse and complaints of 
paresthesias and numbness from patients whose arms are in hyperabduction 
on operating tables. ...” However, four of his five cases were the result of pro¬ 
longed, habitual sleeping in the supine position with the anus hyperabducted, 
and the fifth patient had an injury involving the shoulder. Our patient stated 
that up until the time of the pneumonolysis he could sleep in almost any position 
and only rarely assumed a prone position 'with arms hyperabducted above the 
head. After the operation, he acquired the habit of sleeping only on his back, 
with arms folded across his chest, or else on his right side. 

Wright presented data in his paper to demonstrate that occlusion of the 
subclavian artery by hyperabduction of the arms is a normal phenomenon which 
occurs with varying ease. In our patient the radial pulse on the right can be 
made to disappear very easily indeed, by simple elevation of the arm to 180°. 
We believe that prolongation of such occlusion at the time of operation, in an 
arm of which the circulation was already subnormal (due to some unknown 
cause) contributed to the damage done. 

We have found one additional instance of the hyperabduction neurovascu¬ 
lar syndrome in the literature. Pauli’s 7 case was also the result of sleeping m 
the prone position ■with anus hyperabducted above the head. 

SUMMARY 

1. Neurologic and vascular syndromes caused by a functional mechanism 
(hyperabduction of the arms) in the absence of anatomic anomalies have been 
described by Wright 6 and by Pauli. 7 
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2. A case is reported following intrapleural pnoumonolysis, during which 
tho arm was held in anterolateral hyperabduction. 

3. Tho patient also exhibited a Horner's syndrome, a rare sequela. 

4. Improvement in both conditions has been spontaneous but very slow. 
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Out of some cold figures, come a story 
to warm America's heart 


'XTOT long ago, the Secretary of the United 
States Treasury' studied, a figure-covered 
sheet of paper. 

The figures revealed a steady, powerful up- ■ 
swing in the sale of U. S. Savings Bonds, and 
an equally steady decrease in Bond redemp¬ 
tions. 

But to the Secretary, they revealed a good 
deal more than that, and Mr. Snyder spoke 
his mind: ■ 

“After the Victory Loan, sales of U. S. Savings 
Bonds went down—redemptions went up. 
And that was only natural and human. 

“It was natural and human—but it was also 
dangerous. For suppose this trend had con-: 
v, tinued. Suppose that, in this period of re- . 
' conversion, some 80 million Americans had 
decided not only to stop saving, but to spend 
the S40 billion which they had already put 
aside in Series E, F & G Savings Bonds. The 
picture which that conjures up is not a pretty 
one! 

“But the trend did NOT continue. 

“Early last fall, the magazines of this country 
—nearly a thousand of them, acting together 
—started an advertising campaign on Bonds. 
This, added to the continuing support of other 
media and advertisers, gave the American 
people the facts ... told them why it was im¬ 
portant to buy and hold U. S. Savings Bonds. 

“The figures on this sheet tell how the Ameri¬ 


can people responded—and mighty good . 
reading it makes. 

“Once more, it has been clearly proved that 
when you give Americans the facts, you can 
" then ask them for action—and you'll get it!” / 

What do the figures show? 

On Mr. Snyder’s sheet were some very interest¬ 
ing figures. . • 

They showed that sales of Savings Bonds 
went from S494 million in last September to 
S519 million in October and kept climbing 
steadily until, in January of this; year, they 
reached a new postwar high: In January, 1947, 
Americans put nearly a billion dollars in Savings 
Bonds. And that trend is continuing. 

In the same way, redemptions have been ■/ 
going just as steadily downward. Here, too, 
the trend continues. 

Moreover, there has been, since the first of 
the year, an increase not only in the volume of 
Bonds bought through Payroll Savings, but in 
the number of buyers. 

How about you ? 

The figures show that millions of Americans 
have realized this fact: there is no safer, surer 
way on earth to get the things you want, than 
by buying U. S. Savings Bonds regularly . 

, They are the safest investment in the world.- 
Buy them regularly through the Payroll Plan, or 
ask your banker about the Bond-a-Month Plan. 


Save, the easy, automatic way-with U.S , Savings Bonds 


Contributed by this magazine in co-operation 
with the Magazine Publishers of America as a public service. 
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tive techniques. 

From its earliest days, the house of 
Pilling has consistently striven to pro¬ 
vide the surgeon with instruments of 
superlative workmanship, made to 
authoritative design. Pilling takes pride 
in the record of its contributions to 
the advancement of surgery made 
since its foundation in 1814. 
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way it is. And yet we know that direct vision contributes something in the way 
of precise knowledge and understanding that cannot lie obtained in any other 
way. We know that when a machine breaks down, a mechanic is necessary to 
look it over. If a car does not run, someone has to lift up the hood and look. 
We are now entering the era of direct examination and manipulation in the 
cardiovascular field. In 1905 craniotomy and laminectomy were new operations. 
I believe a similar development will be possible with the heart and blood vessels. 
It may be even a greater development because disorders of the heart and blood 
vessels involve mechanics and physics to a greater degree than is the case with 
the brain and spinal cord. It will be interesting to observe this development 
during the next twenty-five years. 

I should like to refer briefly to the accomplishments that have been made in 
the direct approach to the heart and blood vessels. Many members of this 
association are familiar with these developments and I cannot here do more than 
make brief reference to them. The program of this meeting includes several 
contributions on the direct approach to cardiovascular diseases. These are mile¬ 
stones in surgical progress. These presentations are made by the individuals 
who made the original contributions and I dare say that this program is unique 
in this respect. 

Let us refer briefly to the accomplishments made by the direct approach to 
heart and blood vessels: We begin 'with trauma. Methods have been described 
for the suture of auricular and ventricular wounds. The methods for the suture 
of auricular and ventricular wounds are not identical. Several excellent series 
of eases have been reported. Methods of procedure have been determined and 
are well recognized by certain surgeons, but there are many instances in which 
proper treatment is not given. Here is opportunity for teaching. Foreign 
bodies have been removed. Removal of foreign bodies from the heard is a subject 
that can bear further study and experimental investigation. This subject will 
be presented on our program. Reference should be made to the group of non- 
penetrating wounds of the heard. This type of injury, I believe, is more com¬ 
mon than the penetrating wound and better clinical recognition is in order. In 
the repair of vascular injuries, considerable progress has been made during the 
war. Small lacerations of major arteries have been repaired by suture. Excision 
of injured artery and end-to-end anastomosis have been done. The use of the 
vitallium cannula seems to enlarge the possibilities in blood vessel anastomosis. 
Demonstration and teaching of these methods are necessary so that surgeons 
generally null be able to perform these operations. No doubt, there were many 
instances in World War II where such opportunities were overlooked. There 
will be instances where they will be overlooked in civilian surgery. These 
methods should be taught in the experimental laboratory. The late repair of 
vascular injury in World War II was carried out in the vascular centers of this 
country. The results obtained in these centers almost reached perfection, in that 
there was almost no loss of life or limb in the performance of these operations. 

We turn now to a group of disorders which concerns inflammation and the 
results of inflammation, namely fluid, adhesions, and scar tissue around the 
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heart. This group includes purulent pericarditis, pericardial effusions, adhesive 
pericarditis, constrictive pericarditis, and other conditions. The term extrinsic 
lesions has been suggested for theso conditions and the group of extrinsic lesions 
has been analyzed into its components which are compression, torsion, rotation, 
and not traction of the heart. In other words, a heart is exposed in the experi¬ 
mental laltoratorv and then an nttempt is made to interfere with the function 
of the heart by external manipulation. The possible ways in which the heart 
can be disturbed by such manipulation are compression, rotation, and angulation 
of the heart. Let ns refer briefly to one of these, namely compression. Com¬ 
pression may be acute or chronic ns is the case with the brain. The pathology 
may include a variety of lesions with tho heart as with the brain. There is 
much to recommend the adoption of this point of view. It simplifies diagnosis 
and it makes clear the requirements to euro the patient. For example, on almost 
identical clinical picture can lie produced by a compression scar on the heart, by 
tuberculous or other type of exudate in the pericardial cavity, and liy a neoplasm 
in the pericnidium, but the treatment of theso lesions is entirely different. 
Recognition of clinical picture is the first requirement, and determination of type 
of lesion is the second requirement in order to determine corroct treatment. I 
recommend to you recognition of extrinsic lesions as a group and analysis of the 
various types ns indicated. 

Wo come now to pntont ductus arteriosus and coarctation of the aorta. 
These subjocts are presented on the program by those who made the original 
contributions. I can only compliment- these surgeons for their vision and courage 
in doing these operations. It is not an important point to say that ligation of the 
patent ductus arteriosus and excision of a narrowed aorta wore considered by 
surgeons for many years. The important event is to do the operation. This 
involves freeing yourself from the inertin of your associates and going ahead 
in experimental laboratory and with patients. I desire to refer also to the 
courageous step taken in ligation of the patent ductus arteriosus in the presence 
of infection in the blood stream. After these accomplishments are mndo by 
the surgeon there remains the problem of application of the operation in tho 
treatment of those conditions and this is a matter of medical education. I might 
add that tho student frequently is more apt than his teacher in learning and 
accepting these new developments. 

Likewise the work on tetralogy of Fallot is presented on this program by 
those who originated the work. I think this is one of the nicest contributions 
made to surgery in my lifetime. It was conceived ns an origmal idea, it was 
worked out in the experimental laboratory, and it was applied to patients. While 
it does not cure the cardiac abnormality it provides definite benefit to a condi¬ 
tion that was hopeless. What has been accomplished in this field suggests that 
the direct nppronch of the snrgcon might Iro extended to other cardiovascular 
conditions that appear hopeless. 

Reference should be made to tho recent developments in the treatment of 
portal vein obstruction. Anastomosis 1ms been made between the splenic vein 
and the renal vein. The Bek fistula, of historical and experimental interest, is 
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being applied to patients with cirrhosis of the liver. No doubt with refinements 
in operative skill and technique these operations will be done with greater fre¬ 
quency. 

Resuscitation is also presented on this program. While methods of resuscita¬ 
tion might be improved in the future, we do possess effective methods for start¬ 
ing the heart from standstill and also for defibrillation of the ventricles. We 
possess excellent respirators for getting oxygen into the lungs. I believe courses 
of instruction should be provided on resuscitation so that surgeons would have in 
mind an order of procedure such as they have for the performance of surgical 
operations, instead of the disorderly procedure that usually prevails at this 
moment of crisis. Certification by the American Board of Surgery and the 
Surgical Specialties should require knowledge on resuscitation. 

I cannot refer to all the advances that have been made in the direct approach 
to cardiovascular diseases. The prevention of pulmonary emboli by ligation of 
veins and by the administration of anticoagulants is a very important contribu¬ 
tion. I can only mention sympathectomy for hypertension, for arterial'spasm, 
for causalgia, for anginal pain, and for other conditions. 

I should like to discuss briefly the coronary artery problem and show some 
slides of specimens that have been produced. Most of us are familiar with the 
trigger mechanism in the heart. A trigger is produced by reduction of arterial 
blood flow to any part of the heart muscle. A delicate balance may come into 
existence in which a small amount of oxygenated blood may prevent or promote 
discharge of the trigger. Discharge of the trigger produces ventricular fibrilla¬ 
tion which is fatal. The arterial blood supply to the myocardium can be altered 
in several ways. One method consists of - production of extracoronary anas¬ 
tomoses, that is, vascular communications between the coronary arteries and the 
arteries of tissues grafted upon the heart. Another method consists in produc¬ 
tion of a more equal distribution of arterial blood by way of the coronary arteries. 
Coronary arteries are essentially end arteries. Occlusion of a coronary artery 
or of one of its branches may produce an unequal distribution of blood to the 
myocardium. Communications between the peripheral branches of the two 
coronary arteries would produce a common arterial bed which in turn would be 
a protection to the heart if occlusion should develop. Such communications can 
be produced by surgical methods. The most effective method that I have found 
is by gentle abrasion of epieardium and the application of a small amount of 
powdered asbestos onto the abraded surface. It has been demonstrated beyond 
any reasonable doubt that communications produced by this method are bene¬ 
ficial in the presence of arterial occlusion. Another method of producing a 
common arterial bed in the heart is that which occurs after nonfatal occlusion 
of an arteiy. The occlusion must not destroy cardiac function because time is 
required for these communications to develop. I believe it is possible for the 
extracoronary communications and the intercoronary communications produced 
by inflammation to provide this time factor for these protective channels to 
develop. A heart with intercoronary channels is a protected heart. The speci- 
ments shown are, indeed, significant. Another method for changing or improving 
the coronary arterial circulation is by production of venous stasis. Experimental 
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ligation of coronary veins does produce some measure of benefit, when n coronary 
artety is ligated. There is also some experimental evideneo to show that re¬ 
moval of nerves at the base of the aorta and in the region of the left coronary 
artery is beneficial ultcr a major coronary artciy is occluded. I have not made 
measurements in this subject. 

It docs seem to mo that we have arrived at the time-wheu some application 
of these data should be mude to patients with coronary artery disease. I, and 
others working in this field, have been conseiwativo in application to patients. 
It is hoped that a conservative and critical attitude will prevail in the future 
ns further clinical application Is carried out. It is hoped also tlint experimental 
studies on the coronary problem will bo carried out in the research laboratories 
of our medical institutions. I repeat that the coronniy problem is almost ns im¬ 
portant as the cancer problem and future progress in the coronary problem will 
be along lines of direct surgical approach. 

Before concluding tins address I should like to make a few remarks about 
possible developments of the future. Among these I would place transplanta¬ 
tion of arteries. I have in mind excision of a segment of aorta or a segmonl of 
another important artery and replacing it by a graft taken from a less important 
artery. I also have in mind exclusion of tho heart from the blood stream so 
that the heart can bo opened and intrncardiac operation carried out. Some 
progress in this field has been made. The possibilities in the way of intracardiae 
operations are repair of valves, removal of intracardiae tumors, removal of ball- 
valve thrombi, repair of defects in the auricular septum and in the ventricular 
septum, removal lr destruction of vegetations, removal of foreign bodies, etc. 
These and other advances that scarcely ontcr one’s mind, I bcliove, will he 
possible by the direct approach not only to tho outsido of tho heart and blood 
vessels but to the inside of these structures ns well. 



SURGICALLY REMOVED FOREIGN BODY EMBOLUS IN THE 
PULMONARY ARTERY 

Solve Welin, M.D., Carl Axel IIamberger, M.D., and Clarence Crafoord, M.D. 

Stockholm. Sweden 

I T IS not unusual in wartime for foreign bodies, such as projectiles and splin¬ 
ters, to enter the vascular system and pass into the blood circulation. This, 
of cGin'Se, is a much rarer occurrence in peacetime. "We have nevertheless had 
the opportunity to diagnose and operatively remove a foreign body in the left 
lung which had entered it via the vascular system. 

CASE REPORT 

A 21-vear-old apprentice at a workshop was sent to the otolaryngologic clinic from 
the internal medicine department with the diagnosis of foreign body in the left lung. 
Tho patient during his childhood had been perfectly healthy except for a mild attack of 
pneumonia at the age of 3 years. In 1913, while working in the forest, a splinter from 
an iron wedge struck him and entered the left groin. The accident caused such a large 
loss of blood that the patient lost consciousness. He was taken to a hospital in the 
provinces, where a lesion in the femoral vein was observed. The patient was operated 
upon at once. Later on an aneurysm developed, for which he was also operated upon in 
the autumn of 1943. Since then, he has had occasional pain and swelling in the left leg. 
Phlebography is reported to have shown a defective reflux from that leg. - 

In November, 1944, the patient caught cold and had a cough; on December 1 he had 
an acute attack of ague, a general feeling of illness and a stitch in the left side of the 
back. The patient was sent to the internal medicine department with the diagnosis of 
incipient pneumonia. 

As a result of an x-ray examination on the following day, a small broncliopneumonic- 
like induration until atelectasis was observed at the base of the left inferior lobe and 
behind the heart. In the bronchus situated in the posterior bnsnl part of the left inferior 
lobe, about 7 cm. distal to the cnrina, a very dense, irregularly shaped foreign body, nearly 
1 cm. in length, over 1 mm. in thickness and-from 7 to S mm. in breadth, was also revealed. 
It was of such density that it seemed to be a metal splinter, or perhaps, though with less 
probability, a fragment of compact bone (Fig. 1). 

The presence of a foreign body in the left bronchial tree having thus been indicated, 
bronchoscopy was carried out. The mucous membrane in the trachea was found to be 
normal, whereas the mucosa in the left main bronchus was reddened and swollen. This was 
especially true at the opening of the lateral bronchial branch. 

During the screening, a sound and extractor were inserted in the left bronchial branch, 
and one could reach to about 1 cm. from the foreign body. As there was no possibility of 
reaching further down, operative treatment was discontinued, it being supposed that the 
obstruction was due to a swelling of the bronchial mucosa. 

At another x-ray examination a week later, it was found that the bronchopneumonie 
induration and the atelectasis had cleared. The foreign body was still in the same place as 
found on previous examination. It was therefore decided to make a new attempt at extraction 
with the aid of bronchoscopy while screening. A metal sound was inserted in the direction 

From the Department of Diagnostic Radiology, Caroline Hospital, Chief. Professor Ake 
Akerlund; the Ear, Nose and Throat Clinic of the Caroline Hospital. Chief, Professor Torsten 
Skoog: and the First Surgical Service. Sabbatsberg Hospital, Chief. Doctor Clarence Crafoord. 
Received for publication June 1, 1945. 
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of the foreign l>ody. On the x-ray screen, it could l>e seen how the pound, nlxiut 1^4 cm. 
above the foreign body, struck a carinn in a bronchial branch. If an attempt was mado to 
push the sound furthor in the direction of tlie foreign body, a resilient obstacle was en¬ 
countered; on the other hand, if one let the sound pass by, it slid medial, lateral, ventral or 
dorsal to the foreign body. 



A. B. 

Fig. l— A, Radiogram of lung with metal splinter viewed doraally and ventrally. B, Radio¬ 
gram of lung In an oblique position. 



Fig. 2.—Radiogram of lung with a contrast (urotorlc) catheter. 


This was also the case when an attempt was made with a very small pair of tongs or a 
roentgen-proof ureteric catheter (Fig. 2). We therefore had the distinct impression that the 
foreign body could not lie in the brenehiul tree and tlint it must l>e situated In the outlying 
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lung tissue. When the bronchoscopy was planned, it was surmised that the foreign, body had, 
on some occasion, been inhaled. The patient had, in fact, mentioned that, ten days before the 
illness set in, he had eaten a meat dish in whieh pieces of bone had been found but that it 
was unlikely that one of these pieces had gone the wrong way. 

For this reason, not much notice was at first taken of tire information that a metal 
splinter had entered the patient’s groin. The patient, however, had mentioned that immedi¬ 
ately after the first operation he had asked the surgeon about the metal splinter which had 
caused the bleeding and was told that no such object had been found during the operation. 
According to the patient, he was afterward x-rayed in view of finding the metal splinter, 
but it could not be detected. 

The epicritical reasoning after the x-ray examinations and after the bronchoscopy 
made during screening was that the metal splinter^might have entered through the groin. 
We know that a foreign body which has entered the venous system (for example, in a leg) 
will sink downward, provided the patient stands up. We also know that when a hori¬ 
zontal position is assumed, foreign bodies may travel upward in the venous system. In 
this case, the patient had been unconscious and, in view of the profuse outflow of blood, 
had probably been lying with his head downward. There was, therefore, a possibility that 
the foreign body had passed through the venous half of the heart and out into a lung artery. 

After a renewed examination of the x-ray pictures, we were forced to the conclusion 
that the metallic foreign body was a rather thin flake with a jag on one of the edges, 
resembling a bit of the “barb” on the steel wedges used in forest work. Moreover, the 
metal piece was of such a size that presumably it could not pass into any of the fine 
bronchial branches situated about 7 cm. from the bifurcation. 

The examination had thus indicated that, with a probability bordering on certainty, 
a foreign body was lying outside the bronchial tree; since, its shape indicated it to be the 
aforesaid foreign body which had entered the patient’s left groin on the occasion of the 
accident in 1913, the patient was sent, with the diagnosis of foreign body in the lung 
artery, to the Sabbatsberg Hospital for consultation with one of us (C. C.). 

The patient emphasized that, so far as he could remember, there was nothing to 
indicate inhalation. He had not received any direct injury on the penetration of the 
splinter, so that the only possible waj* in which the foreign body could have entered was 
through the femoral vein in the groin. The sequelae of the accident had, however, entailed 
the development of an arteriovenous aneurysm. The metal splinter which had entered the 
femoral vein in the groin might have migrated thence to the pulmonary artery. In view 
of the secondary risks always involved when a foreign body lies in the lung in such a way 
that it may cause both vascular and bronchial erosions, it was decided to extract the 
foreign body before any Buck complications could supervene. 

Operation .—The usual inclusion was made according to Crafoord, with extirpation of 
the sixth rib. The lung was free, without any marked changes on palpation. It was at 
first supposed that an indurated part, which might have developed around the metal 
splinter, could be felt in the hilus tract of the lower lobe, corresponding to the issue of 
the thickest bronchial branch. However, on passing a needle through the lung parenchyme 
in the induration, no metallic obstacle was encountered. The search was therefore con¬ 
tinued, but the metal splinter could not be discovered in any other place. In order to 
ascertain its whereabouts, a flexible paper cassette was wrapped in sterile gloves and 
passed round the convex surface of the lung. A roentgen plate was then taken, with a 
finger being held close to the spot where it had been supposed, from the outset, that the 
metal splinter might be lying. The x-ray photograph confirmed out surmise. An ana¬ 
tomical dissection was therefore made into the hilar part of the lower lobe and the .thick 
bronchial branch was followed up to the laterally and posteriorly situated thick artery 
trunk supplying the inferior lobe. When an attempt was made to loosen the artery from 
the bronchus within the indurated area which had been palpated, this was found im¬ 
practicable, and since the artery had been exposed, it was possible, through its posterior 
free wall, to feel the foreign body, visible on the roentgen plate, fastened in the part of 
the artery wall adjacent to the bronchus. It was therefore necessary to expose'the thick 
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arterial branch central to the foreign body, an well os the thick venous branch of tho 
inforior lobe. An artery foivcp.i wus then pluccd on the exposed pulmonary vein and on 
the artery central to the metal aplinter. A forceps could not, in fact, be placed effectively 
peripheral to tlio metal splinter for it was not posslblo to explore all the arterial branches 
peripherally so that they could bo clamped. The artery was then incised longitudinally, 
whereupon the foreign br-dy, with relative freedom from bleeding, conld be oxtricated from 
its bed in the artery wall (Fig. 3). Tho bod, itself, was discolored grayish black, but by 
careful probing with pincers, a mombrane, 1 mm, in thickno&s, covering the whole bottom 
of the bed, conld be loosened. When this membrane had been removed, we found a 
smooth grnyish-wlule scarred surface corresponding to the plaeo where tho foreign body 
had previously been located. The maximum length of tills surfaco was 17 mm., Its maxi¬ 
mum width 11 mm. An intima-free vascular surface corresponding to the surface of tho 
foreign body was, of cour>c, obtained. Heparin solution, 0.2 c.c., was therefore injected 
into tho bottom of tho bod between tho bronchus and tho artery. After suture of the 
artery and removal of tho artery forcops, it could be seen that there was a free and satis¬ 
factory blood passage. Not even after the lapse of ton minutes, when the blood flow was 
still being controlled, was it possible to dotect tho slightest trace of a secondary thrombosis in 
this region. It is, of course, very remarkable that an ombolns duo to a foreign body 
should have healed into tho artery without giving rise to a secondary thrombosis. It is 
just oa noteworthy that a secondary thrombosis should not have set in after the removal 
of the foreign body. 



FIs. 3.—The foreign body lying on a centimeter paper. 

Sulfathioxole in powder form was applied between the lobes and in the pleural cavity, 
and a primary suture was modo according to the method of Crafoord. 

After tho operation, the primary suture healed without any complications. There were 
no clinical or roentgenologic signs, whatever, of a disturbance of tho circulation in tho inferior 
lobe of tho left long, which Indicated that even in the sequel no thrombosis developed in 
the opened pulmonary artery. 

In wartime, as already mentioned in the introduction, it is not unusual for 
projectiles of different kinds to enter the vascular system. Several cases in 
which the foreign body had entered an artery, had followed it to the periphery, 
and had produced symptoms resembling those of arterial embolism have been 
reported (Baker 1 ). It is more unusual for projectiles to enter tho venous system 
and to travel on toward the heart. Freund and Caspersolm 3 mention a patient 
in whom a bullet had entered tho inferior vena cava and penetrated into tho 
right ventricle, where it had become fastened in the trabeculae enmeae. This 
patient was cured by an operation. 

Hencs 8 reports another case where a 31-year-old man was lilt by a grenade 
splinter which passed through the lung into the inferior vena cava. The patient 
seemed fairly well for tho first few hours but gradually bled to death. The 
autopsy showed a largo hole in the cxtrapericardinl part of the inferior vena 
cava. The splinter conld not he detected in the vena cava, nor in tho heart, in 
which the endocardium and the valves were perfectly intact. It was in the right 
lung, in a branch of the pulmonary artery, that the splinter was eventually 
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found wedged. The splinter, which was 2y 2 cm. in length, triangular with 
sharp edges, passed through the chest wall and right lung, entered, with re¬ 
duced force, the inferior vena cava, and then followed the blood stream 
through the heart and out into the lung. The curious thing is that this rather 
big splinter had not in any way injured the heart. The author stated that the 
time taken by the foreign body in traveling this long way must certainly have 
been very short. The splinter had presumably passed the heart before the 
patient was admitted to the hospital. No heart trouble had, in fact, been ob¬ 
served during his stay there. 

Paltauf® reports a case in which a shot had pierced the lung, passed into 
the pericardium and continued into the pulmonary artery. The projectile, 
which was 6 by 35 mm., was found in the right lung. The corresponding part 
of the lung showed hemorrhagic infarction and the pleura showed fibrin de¬ 
posits. The patient died after seven days. The autopsy showed that the pro¬ 
jectile had been thrown into the pulmonary artery much in the same manner 
as an embolus. The curious thing in this case was that the patient should have 
lived as many as seven days. On admission to the hospital, the heart beat was 
not abnormally rapid. The pulse was regular and strong. On the fourth day 
after the accident, a hemothorax with 650 c.c. of blood was found by aspira¬ 
ting. The sudden death on the seventh day was believed to have been caused 
by a hemorrhage into the pericardium. It is surprising that the bleeding should 
have been so long delayed. It may have been started by the parting of the vas¬ 
cular Avails, Avhich had previously been adherent. Possibly the hemorrhagic 
infarct Avith pleural lesions may have provoked a cough, thus increasing the 
pressure in the pulmonary artery. Such foreign body emboli have been de¬ 
scribed in case reports by several author’s. Paltauf thus found in the medical 
literature thirty-one of these cases, in only four ,of which, hoAvever, the foreign 
body had entered the pulmonary artery. 

Rogers 8 describes a hearsay case in which a radium needle that had been 
applied on the throat of a patient Avas eventually found in the pulmonary artery. 
We are not informed as to Avhether the needle was removed, or as to Avlrat 
happened to the patient. 

Foreign body emboli have been produced experimentally by inserting 
various metal objects in the A r enous system. Thus Selrloffer 10 placed three or 
five balls, 2 mm. in diameter, in the inferior A r ena cava of tAvo large rabbits. 
One of them died after an hour; the other Avas killed after the lapse of the 
same time. On the x-ray picture it. could be seen that the balls had passed 
out into the lungs, and on dissection the balls were found in the larger branches 
of the pulmonary artery. Riethus 7 made similar experiments on dogs and rab¬ 
bits but placed the foreign bodies in the jugular vein. He found that they 
stopped either in the right ventricle or in the pulmonary artery. 

In our case, the foreign body, as already explained, had entered the femoral 
vein and had been throAvn by the blood stream into the pulmonary artery. We 
have been unable to find in the medical literature any mention of a case where a 
foreign body had entered a vessel so far toward the periphery, as in this instance. 
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Prom a diagnostic point of view, tlio case is of the greatest interest. It may be 
gathered that the ordinary x-ray examination utterly failed to enlighten us as 
to the position of the foroign body in relation to the bronchial tree. Nor could 
bronchoscopy alone have cleared up the matter. Not until these two methods 
of examination were combined was it possible to locate the foreign body and 
ascertain that it lay outside the bronchial tree. 

So for ns we are aware, this is the first case where tho diagnosis of foreign 
body embolus in the pulmonary artery has been made prior to operation and 
where the foroign body had afterward been extracted by thoracotomy plus 
nrtoriotomy plus vascular suture. 
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PEPTIC ULCER OF THE ESOPHAGUS 

P. R. Allison, F. R.C.S. 

Leeds, England 

P EPTIC ulcer of the esophagus has usually been considered a rarity and 
to be found mainly where there is a congenitally short esophagus. It now 
seems nearer the truth to say that ulcer occurs where there is such a derange¬ 
ment of the mechanism of the eardia that acid gastric juice flows back easily 
into the lower end of the esophagus. The disorder which predisposes to ulcer¬ 
ation is hernia of the stomach through the diaphragmatic hiatus into the pos¬ 
terior mediastinum. The hernia may be congenital or acquired, and may be 
reducible or irreducible at operation. Irredueibility may be caused by ulcer¬ 
ation, fibrosis, and shortening of the esophagus. 

"When the lower esophagus is being constantly bathed by acid from the 
stomach, a well-defined series of changes is found there. First there is a re¬ 
current acute esophagitis which passes on to a chronic esophagitis with recur¬ 
rent acute ulceration. In the next stage an acute ulcer progresses to a typical 
chronic ulcer. The ulcer, -with its surrounding induration, produces stenosis, 
and above this stricture there is intense superficial inflammation. Finally, a 
dense fibrous stenosis is produced. As in the stomach and duodenum, the 
picture may be complicated by perforation or bleeding. Symptoms of esopha¬ 
gitis and acute ulceration are mainly high epigastric pain relieved by food 
and alkalies, wind, heartburn, and regurgitation of stomach contents into the 
throat, especially in the recumbent position. This last may be so marked that 
if a patient bends after a meal the food will come up as easily as it went down, 
and with less effort. Acid regurgitation causes a feeling of dryness and heat 
in the throat, and a “hot pain” in the side of the neck. The main symptom 
of a chronic ulcer is dysphagia. It is sometimes possible to trace the pathologic 
changes in a detailed history, but account must be taken of the frequent asso¬ 
ciation of the condition with peptic ulcers in the stomach and duodenum, and 
also with gall bladder disease. 

During the last five years there have been in the thoracic surgical depart¬ 
ment of the General Infirmary at Leeds, thirty-seven patients with proved 
peptic ulceration and six with esophagitis, all associated with diaphragmatic 
and gastroesophageal inefficiency. The division of the cases into two cate¬ 
gories has very little significance for, as has already been pointed out, the one 
is a stage in the development of the other. Acute ulceration probably occurs 
in all these patients, but if an ulcer has not been obvious at the time of esopha- 
goscopy it has been recorded as esophagitis. Some of these patients, observed 
over a long period, have been transferred to the ulcer category when a later 
esophagoscopy has shown the development of peptic ulceration. A high pro¬ 
portion of the ulcer cases have been chronic ulcers with stenosis. A patient 
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with dysphngia is more likely to be referred to a thoracic surgical department 
than is one with heartburn. 

In a previous article 1 it was stated, “We are not satisfied that any treat¬ 
ment wo have given has resulted in a complete cure for our patients.’’ The 
main purpose of this paper is to review the treatment to date and to indicate 
what advances have been made. 


TREATMENT 

Assisted Medical Treatment 

In the first place the treatment of a peptic ulcer of the esophagus is by 
the goueral_ medical measures used for ulcer of the stomach. The patient 
should be propped up during the period of rest in bed. This diminishes the 
regurgitation of acid into the lower end of tho esophagus. It is recommended 
that meals should be adequate and infrequent, and that they should be washed 
down by a drink of water. These measures, combined with antacids and 
atropine, are enough to heal many aente ulcers. Septic foci have been blamed 
as important etiologic factors, and if these are obvious they should, if possible, 
be eliminated. I have tried direct treatment of the ulcer by cautery through 
the esophagoscope without any success, bnt where stenosis is present repeated 
esophngoscopic dilatations may be necessary. Stenosis mny be duo to sur¬ 
rounding induration and the piling up of granulation tissne, in which cose 
relief by gentle dilatation is only temporary. Blockage of the narrowed Inmen 
mny be due to such things as raisins, peas, or fruit stones impacted in the 
stricture, in which case relief is more marked, or there may be narrowing due 
to fibrous stricture from partial healing of the ulcer; here dilatations often 
give a more prolonged result. In severe cases with extensive chronic ulcer¬ 
ation, stenosis, and esophagitis, it mny be necessary to combine goneral and 
local rest irith feeding through a jejunosfomy. When this is done, the patient 
should take water and antacids by mouth. The jejunosfomy should be per¬ 
formed while the patient is on bed rest, and continued until esophagoscopy 
shows the ulcer to havo healed. The tnbe should be left in the jojnnum while 
mouth feeding is gradually restored and for some little time after the patient 
has been allowed out of bed. During this time it should be kept clean by 
■“feeds" of clear water. When satisfactory meals can be taken by mouth 
without recurrence of symptoms, the jejunostomy may be allowed to close. 
On theoretical grounds a gastrostomy should not be os effective ns a jejtmos- 
tomy in providing rest for the ulcer, for, although it prevents the passage of 
food over the ulcer and tho stagnation of food abovo it, it encourages gastric 
activity and tho regurgitation of acid into the lower esophagus. There is no 
definite evidence about how jejunostomy feeding stimulates acid secretion in 
the stomach. Either of these operations should be undertaken only for the 
purpose of providing rest for the ulcerated esophagus. It should very rarely, 
if ever, be done for the relief of esophageal obstruction dno to poptic ulcer 
since this can be overcome by esophagoseopy and dilatation of bougies. The 
blind passage of bougies is mentioned only to he condemned, unless indeed the 
services of a skilled endoscopist cannot he obtained. 
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Surgical Treatment 

When these measures fail to produce relief from symptoms and when the 
general condition of the patient permits, surgical treatment may have to be 
considered. If the symptoms are mainly dyspepsia from esophagitis and acute 
ulceration, and there is no fibrous stenosis, the surgical attack should be di¬ 
rected against the herniation. If, however, dysphagia from chronic ulceration 
and fibrosis is present, it is unlikely that the esophagus can be lengthened 
enough to allow the hernia to be reduced, and it is to meet this contingency 
that the operation of excision of the ulcer with esophagoenterostomy has been 
devised. 

Reduction and Radical Cure of Diaphragmatic Hernia .— 

It has already been stressed that peptic ulcer of the esophagus is most com¬ 
monly associated with shortening of the esophagus and sliding of the fundus of 
the stomach up through the diaphragmatic hiatus into the mediastinum. This 
may usefully be compared with a "landslide” hernia in the inguinal region 
and, like it, is accompanied by Aveakness and inefficiency of the muscular ring 
guarding the area. Sometimes the stomach slides up and down easily, some¬ 
times it becomes fixed in the herniated position. The healthy esophagus is a 
very elastic organ and, if the efficiency of the muscle guarding the diaphrag¬ 
matic hiatus is impaired, the difference in pressure between chest and abdo¬ 
men combined Avith the elastic recoil of the longitudinal muscle of the esopha¬ 
gus is enough to loosen and stretch the fibrous and peritoneal attachments of • 
the cardia and to produce herniation. It is often possible at operation to 
mobilize the cardia and loAver end of the esophagus and so reduce the hernia 
beloAV the diaphragm. The hiatus may then be narrowed by a feAV stitches to 
keep the organs in their natural position. If this can be accomplished, the 
esophageal mucosa may be protected from the acid secretion. Esophagitis and 
superficial ulceration may then heal. It has not so far been considered reason¬ 
able to attempt this operation in advanced chronic ulcer Avith narroAving of the 
esophagus and loss of its elasticity by induration and fibrosis. The operation 
has, however, been performed with marked relief of symptoms Avhere the lesion 
has been less advanced. 

Technique: A blood drip is given into the right internal saphenous vein. 
During the course of the operation about one pint is ghrnn. One hour before 
operation omnopon, gr. %, and scopolamine, gr. %ti 0j are given. The mouth, 
nasopharynx, and pyriform fossae are painted Avith 2 per cent amethocaine hy¬ 
drochloride. Sodium pentotlial is then injected into the blood drip until relaxa¬ 
tion of the jaw occurs. An esophagoscope is passed and all retained fluid aspirated 
from the esophagus. By means of a spray bloAver, a light coat of penicillin poAvder 
is applied to the esophageal mucosa and the instrument is slowly AvithdraAvn. 
A Tampax pack is passed through the esophagoscope and left in position im¬ 
mediately below the cricoid cartilage. Light gas and oxygen are then admin¬ 
istered through a closely fitting face mask. In this way the danger of reflux 
of blood or septic fluid from the esophagus into the pharynx and trachea is 
prevented and the incidence of chest complications minimized. The patient 
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is turned on to his right side and a left-sided spinal anesthetic of light per- 
cnine is given. This combination of nnesthetic agents has proved most valu¬ 
able in the operative approach to the esophagus. The spinal anesthetic pre¬ 
vents straining, while the gas and oxygen administered through the face piece 
maintain lung inflation and blood oxygcnntion at any desired level. The pa¬ 
tient should be lying on his right sido and leaning neither forwnrd nor back¬ 
ward so that access to tho abdomen and the posterior mediastinum is equally 
easy. A small amount of local anesthetic is injected into the muscles of the 
chest wall in the region of the eighth and ninth ribs so that the muscles can 
be cut with the diathermy and bleeding points coagulated without stimulating 
their contraction. An incision is made through the skin with an ordinary 
knife over the whole length of the ninth rib, passing forward on to the abdo¬ 
men beyond the costal margin and curving upward a littlo behind and over the 
eighth rib. The whole of the ninth rib and the posterior end of the eighth are 
resected. The ninth costal cartilage is removed. The eighth intercostal nerve 
is divided and the corresponding intercostal vessels ligatured and divided. The 
left sido of the chest is opened through the bed of the ninth rib and the rib 
margins gently separated. Any adhesions to the lower lobe arc divided. The 
left splnnchnic nerves on the posterior chest wall arc infiltrated with local 
anesthetic, and 10 c.c. of local anesthetic are also injected into the posterior 
mediastinum above the site of the lesion. The left phrenic nerve is crushed 
where it passes from the pericardium to the dinphragm. The diaphragm is 
opened at the anterior end of the incision and this opening is enlarged toward 
the hiatus, but not through the muscle ring. The relation of the structures 
i to the muscle ring can then be determined and by gentle traction on the stom¬ 
ach the redueibility of the hernia can be investigated. The posterior medi¬ 
astinum is then opened, and the lower end of the esophagus isolated. Both 
vagus nerves are divided and any vessels entering the esophagus in its lower 
two to three inches are divided between ligatures. The reflection of perito¬ 
neum on to the stomach is cut, and the stomach can then be drawn down into 
its normal position in the abdomen. The muscle edges of the diaphragm are 
carefully cleaned. Two silk stitches arc inserted behind the esophagus joining 
the left and right crural fibers. These are placed in such a way that the 
esophagus lies snugly in the opening without compression. The incision in 
the diaphragm is sutured, and the chest is closed in layers with an underwater 
drain left in for forty-eight hours. 

Cask 1. —A. R. t a woman aged 3D years, lmd esophagitis with “abort esophagus.” 

Jlintory .—For two yearn the patient hnd pain under tho left breast one-knlf hoar nfter 
taking food, radiating into the back ljotweou the scapula^. Attack* of pain lasted aiwat one 
month, with corresponding intermix of freedom. Vomiting was mainly nt night and first thing 
in the morning. 

X-ray examination showed a short esophagus with hernia of the fundus of tho stomach 
into the posterior mediastinum. Esophagoseopy showed csoplmgitis of the lower two inches 
of tho esophagus. No nicer wns seen. The opening between esophngus nnd stomach was 
widely patent. 

At operation, Nor. 2, 1943, the junction of the esophagus and stomach was found in the 
posterior mediastinum threc-fonrths inch abort? tho diaphragmatic hiatus. The lower end of 
the esophagus and upper end of the stomach were isolated, nnd tin? stomaeh coaid then be 
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replaced in the abdomen with ease. A few stitches were inserted through the muscular ring 
of the hiatus behind the esophagus. 

Since operation the patient lias had no indigestion, and has gained twenty-eight pounds 
in weight. X-ray examination shows the stomach in its normal position. 

Case 2.—H. H., a woman aged 55 years, had esophagitis with acute ulceration and short 
esophagus. 

History .—The patient vomited food almost every day for twelve years. There was a 
sensation of fullness and “boiling” in the chest followed by a burning over the lower left 
side of the chest and the vomiting of undigested food. Food was regurgitated into the mouth 
when the patient, lay flown. Burning sensation and pain were relieved by alkalies. 

X-ray showed a short esophagus. No cardia was evident. The esophagus and thoracic 
stomach maintained a constant outline, giving the appearance of a dilated esophagus. Re¬ 
gurgitation occurred frequently. The esophagus was emptied by gravity. There was no con¬ 
trol of regurgitation and the appearances suggested chronic dilatation of the cardia. Peri¬ 
stalsis in the esophagus was not seen. Esophagoscopy revealed much fluid in the esophagus. 
At the lower end there was an intense esophagitis with leucoplakia and irregular superficial 
ulceration. No stenosis was present, and there was free regurgitation of gastric juice into 
the esophagus. 

At operation, May 15, 1945, the fundus of the stomach was found to be lying in the 
posterior mediastinum. When the fascial connections of the esophagus and stomach were 
freed, the stomach could be replaced easily in its normal position in the abdomen, without 
tension in the esophagus. The muscle fibers of the diaphragm around the hiatus, which 
were attenuated, were sutured behind the esophagus. 

Since operation the patient has been free from symptoms, and subsequent x-ray has 
shown the structures in their normal position. There is now no regurgitation of barium in 
any position. 

Partial Esophagectomy , and Esophayoenterostomy .— 

Excision of the lower end of the esophagus and upper part of the stomach 
followed by mediastinal esophagogastrostomy is now a well-established procedure 
for carcinoma of the lower esophagus and fundus of the stomach. It is too early 
to say whether this operation wall be complicated by peptic ulcer of the lower 
end of the esophagus in an appreciable proportion of cases, hut it certainly 
produces the anatomic deformity of short, esophagus and herniated stomach 
which is the recognized accompaniment of acid ulceration of the esophagus. 
On theoretical grounds it would seem unjustifiable to apply the operation to 
stenosis associated with an active ulcer and leave a patient with the deformity 
which produced, or predisposed him to the original ulcer. It was decided, 
therefore, that excision of the affected part of the esophagus was only justi¬ 
fiable if a means could be found for lengthening the esophagus and reducing 
the stomach below the diaphragm. A loop of small intestine isolated on its 
mesentery, according to the method of Roux and recently used extensively by 
Yudin, seemed to he the most practicable. The operation was first tried on a 
patient with carcinoma of the fundus of the stomach causing esophageal ob¬ 
struction. A description of this and other similar cases is published elsewhere. 
Its success justified its application to the problem of peptic ulceration. 

Technique: The preoperative preparation, anesthesia, and approach are 
the same as for the operation already described for esophagitis and short 
esophagus. 
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The diaphragm is opened at the anterior end of the incision and this is 
carried backward into the esophageal hiatus. Bleeding vessels in the dia¬ 
phragm arc stitched. The nuiHcle fillers of the hiatus are doubly stitched 
before division in order to avoid retraction of blood vessels into the crus with 
hematoma formation. One or two catgut sutures are pnssed through the cut 
edges of the diaphragm and left long; clips applied to these sutures keep the 
edges of the dinphrngm apart. The incision is then carried forward into the 
abdominal wall for nbout two inches from the eostnl margin. Double chest 
retractors are inserted, the anterior ones including the diaphragm in their 
grip. 'When the ribs are separated there is n good exposure of the lower left 
side of the chest and upper abdomen. The transverse colon and great omentum 
are drawn up and the first loop of jejunum found. Inspection of the mesentery 
and its vessels determines the point of section of the intestine. This is usually 
between five and ten inches from the duodenojejunal flexure. An incision iR 
made in the mesentery from the intestine, at the point selected, downward and 
through the first vascular arch. It is then continued along the length of the 
first arch with division and ligature of the radical tninks close to the arch. 
The intestine is divided between clamps at the point selected and the division 
of the mesentery is continued until n loop of intestine is obtained which will 
pass easily up to the esophagus above the site of the lesion. The free end of 
this loop of intestine is stitched and infolded into itself so that a blind end is 
formed. A hole is made in the transverse mesocolon and the loop of intestine 
is threaded through this. The free end of jejunum left in continuity with the 
duodenum is implanted into the side of the isolated loop at a point chosen to 
avoid tension or kinking. The free edges of their mesenteries are united. The 
loop is covered with moist swabs and left in the bottom of the wound. The 
esophagus above the ulcer is isolated after division of the lateral pulmonary 
ligament and' incision of the mediastinal pleura. Both vagus nerves nre 
divided. Vessels entering and leaving the esophagus at this level are alsu 
divided to increase its mobility. A fully curved auostomosis damp is applied 
to the esophagus at the lop of the isolated portiou and a crushing damp ap¬ 
plied immediately above the leNioti. A small pack is inserted into the mediasti¬ 
num behind the point of section and the esophagus is divided immediately 
above the crushing clamp. The ulcerated area of the esophagus is freed down 
to and including the cardia itself. The cardia is divided between crushing 
clamps and the ulcerated area of esophagus removed. The cardiac end of the 
stomach is sutured and infolded. The previously prepared isolated loop of 
intestine is then placed in the posterior mediastinum, care being taken thnt no 
twisting of tKe mesentery occurs. The blind end of the intestine is tucked up 
behind the esophagus for about one iuch so that anastomosis is performed In 
the anterior surface, of the intestine one inch below its blind end. This makes 
it possible to have a peritoneal covering both behind and in front of the 
anastomosis. An anastomosis clamp is loosely applied to the intestinal loop. 
The posterior yuusele Inver of the esophagus is sutured to the anterior aspect 
of the intestine and a stay suture is left long at each end. An incision is made 
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in the intestine parallel with the stoma of the esophagus. A continuous stitch 
is inserted through the mucous membrane and muscular layers of the esopha¬ 
gus and intestine. This is canned around the circumference of the anastomosis 
and is supported by one or two interrupted stitches. The clamps are relaxed 
and withdrawn. The anterior muscle layer of the esophagus is then stitched 
to the anterior peritoneal and muscle layers of the intestine. The mucosal 



Fig-. X.—Peptic ulcer of esophagus causing complete obstruction. 


junction is thus sunk in an “inkwell” of pei-itoneum-covered intestine. Peni¬ 
cillin powder is applied to the mediastinum around the anastomosis. The 
intestine is fixed to the cut edge of the mediastinal pleura by one or two inter¬ 
rupted sutures and is also lightly fixed to the diaphragm. The diaphragm is 
closed. Chest and abdominal walls are closed and an underwater drainage 
tube is left in for twenty-four to forty-eight hours. At the end of the opera¬ 
tion the esophageal pack, which is anchored by a stout piece of-silk, is gently 
withdrawn and the pharynx cleaned out. If the swab is very wet or blood¬ 
stained, the esophagoscope is passed and the esophagus carefully dried out 
before the patient returns to his bed. 

Postoperative Management: The patient is nursed lying fiat for twenty- 
four hour's, during which time he is given drinks of sterile water as required. 
After twenty-four hours he is given glucose and fluid drinks, and penicillin 
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lozenges to suck. Aftei' forty-eight, hours the underwater drain is removed 
and the patient is given a high enloric fluid diet. All milk drinks are followed 
by a few mouthfuls of water. Aspirntion of the chest may subsequently be 
required but is not often necessary. If performed, it should be done high 
enough to nvoid injury' to the intestinal loop, and it must be remembered that 
the paralysis of the diaphragm brings the loop high into the chest. 



Fic. 2.—Same patient afl shown In Flff. 1 after excision of chronic ulcer and mediastinal 
eaophaxoenteroatoroy. 

Case 3.—-A. McG., a man aged 40 year*, had chronic peptic nicer of the esophagus and 
short esophagus. 

History .—-He had had pain after meals for twenty years, sometimes relieved by alkalies. 
February, 2943, partial gastrectomy was performed for chronic gastric nicer. This was 
confirmed by histology. A few weeks after this, he complained of dysphagia on swallowing 
solid food. Food seemed to lodge at the suprasternal notch and then gradually to.go 
through. There was no regurgitation of food. These symptoms lasted a few weeks and 
then disappeared. April, 1944, dysphagia recurred. There was difficulty with fluids a> well 
as solids. The patient lost twenty-one pounds in weight in two months. 

Roentgenogram showed a smooth obstruction in the lower half of the esophagus with 
dilatation above {Fig. 1). The stomach could not be examined since obstruction was 
complete. 

Esophogoscopy showed, at 34 cm, from the alveolar margin, superficial inflammation with 
leucoplakla and ulceration. At 37 era. narrowing occurred. At this level the mucous mem¬ 
brane was covered with filmy exudate, and when this was wiped off the surface beneath 
was intensely red and oozing. The stenosis became complete. 'When a fine bougie was 
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passed through, it dilated and the stricture was felt to be about three-fourths inch long. 
After dilatation the lumen gaped and was obviously surrounded by rigid inflammatory 
tissue. A biopsy from the ulcer showed simple chronic inflammation, with granulation 
tissue and flbriuopurulent exudate. The patient was kept on strict medical treatment for 
six months, during which time esophagoscopy was necessary on four occasions in order to 
reliove a complete obstruction. Since no improvement occurred, surgical treatment was 
decided upon. 



Fig. 3.—Microphotograph of chronic peptic ulcer after partial esophagectomy. 


At operation, June 14, 1945, the typical appearance of herniated stomach in the 
mediastinum was found. The lower end of the esophagus was thickened, indurated, and 
inolastic. The segment of esophagus was excised according to the technique already 
described and a loop of jejunum was isolated, drawn up into the chest, and anastomosed 
to the lowor end of the esophagus. 

The patient hus swallowed satisfactorily since. He is free from pain and vonritiug. 
He had occasional diarrhea after meals, but since being given a nonresidue dry diet and 
restricted fluid intake, he has gained weight rapidly and the diarrhea has ceased. Koent- 
genogram (Fig. 2) shows that the intestinal loop is working satisfactorily. 

The operation was slightly complicated by the previous partial gastrectomy. Accord¬ 
ing to' Yudin,2 whose patients were suffering from corrosive strictures noth a long expectation 
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of life, there ia no fundamental metabolic disturbance from exclusion of the stomach. It 
was not considered necessary, tlioreforc, to implant the lower end of the elongated loop into 
the stomach. It would, of coarse, bo easy to do this nnd rcstoro intestinal continuity below, 
if subsequent follow-up of the patients suggests the necessity. 

The excised specimen was examined* and the following report givon: The specimen 
consisted of tho lower 4.6 cm. of the esophagus, with an nttnehod small portion of stomach 
wall. The lower 1.8 cm. of the esophagus seemed to be normal and covorcd by aquamous 
epithelium, but a portion measuring approximately 2.7 cm. nbovo thlB showed superficial 
ulceration. Tho outstanding features of this portion wore (1) very great thickening of 
the wall (up to 1 cm. iu thickness), due about equally to hypertrophy of the muscular 
coat nnd fibrous thickening of tho submncosn; (2) tho resulting extreme stenosis, the 
circumferonco being only about 1,1 cm. The attached portion of gastric mucosa appeared 
normal. 

Histology. —Tlic lesion was n chronic ulcer of the eeoplmgus limited to the mucosa and 
submucosa. It was a very indolont callous-looking lesion, with denso fibrosis of the submucosn 
and replacement of mucous membmne by a thin layer of granulation tissue. There \r<?re scat¬ 
tered foci of chronic inflammatory cell infiltration (lymphocytes at the center, plasma celts 
and eosinophlle cells at the periphery). The chronic inflammatory process only involved the 
muscular coat to a very slight extent. This included, howover, small lymphoid nodules 
betwoon tho fibrous floor of tho ulcer nnd the rauscularis. Thero woro also scattered small 
foci of lymphocytic and plasma cell infiltration In tho substance of tho muscularin. There 
were none of tho classical layers of the gastric peptic ulcer, at least thero was no rone of 
fibrinoid necrosis but only a thin inconspicuous more colluiar surfneo fcone, the rest of the 
floor being composed of dense fibrous tissue, with the focal accumulations of chronic 
inflammatory cells referred to previously. Tho ulcer would appear to be strictly limited to 
the esophagus. A second section takon at the gastroesophageal junction showed no evi¬ 
dence of peptic ulceration. Two regional lymphatic glands examined were actively hyper¬ 
plastic and sbowod considerable nnthracosls. 

Diagnosis. —The diagnosis was clironic callous peptic ulcer of lower esophagus. 

SUMMARY 

1. Where the lower end of tho organ is frequently subjected to digestion by 
ncid gastric juice, peptic ulcer of the esophagus occurs. This happens where 
inefficiency of the diaphragm allows the stomach nnd abdominal esophagus to 
slide up into the mediastinum. Such herniation may be congenital or acquired. 

2. Where medical nnd assisted medical measures fail to reliovc symptoms, 
the length of the esophagus may he restored nnd the stomach replaced in the 
abdomen. The size of the hiatus may be diminished to maintain the organs in 
their normal position. Illustrative cases are recorded. 

3. When chronic ulceration and fibrosis lead to inelasticity of the esophagus, 
reduction of the anatomic deformity may not be possible. The lower end of the 
esophagus may then be excised and continuity restored by a loop of small in¬ 
testine on an elongated mesentery. An illustrative case is recorded. 
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INTRATHORACIC GASTRIC CYST 


James A. Dickson, M.D.,* 0. Theron Clagett, M.D.,t and 
John R. McDonald, M.D.$ 

Rochester, Minn. 

T HE subject of intrathoracie gastric cysts necessitates a consideration of 
some of the wide variety of cysts which occur in the mediastinum. We are 
not concerned here with those cystic formations which originate in the lungs. 
If the rather common dermoid-teratoma group and the rare cystic hygromas or 
lymphangiomas occurring in the mediastinum are excluded, the two types of 
mediastinal cysts which seem to be best defined are the bronchogenic cysts and. 
the cysts of enteric origin. 1 ’ 2 These latter cysts have been referred to also as 
esophageal duplications. They possess a lining similar to that of any portion of 
the gastrointestinal ti’act, not necessarily the lining of the esophagus. Gastric 
cysts located in the mediastinum are proper members of the latter group of cysts. 

In 1944, Ladd and Scott 3 pointed out that gastric cysts located in the 
mediastinum may be included best under the term ‘ ‘ esophageal duplications and 
mediastinal cysts of enteric origin.” They have shown that the mucosa of these 
gastric cysts need not necessarily be the same as that of the esophagus but may 
closely simulate gastric mucosa. Some of the cysts have elements of both eso¬ 
phageal and gastric mucous membranes. 

These cysts are located usually in the posterior mediastinum at the root of 
I he lungs and are adherent to the lungs and mediastinal structures.'* They 
may be adherent to, or partially embedded in, the diaphragm or even extend 
below the diaphragm as in the case being reported. 

The genesis of gastric cysts has been ascribed to a pinching off of a bud or 
diverticulum of the embryologic foregut. Ladd and Scott 8 stated that, “The 
ideas of Keith and Bremer offer the most rational explanation of the embryologic 
development and subsequent form of alimentary duplications. A duplication 
results from the failure of coalescence of vacuoles in the solid stage of the 
alimentary tube in a transverse manner. The greater the distance between 
the sequestrated vacuoles from the true lumen of the primitive alimentary 
tube, the more likelihood of there being no attachment at all between the dup¬ 
lication and the alimentary tube.” 

The intimate attachment of these cysts to the esophagus is of most im¬ 
portance surgically. The muscular coats are often fused to those of the 
esophagus or the cyst may have a common muscular wall with the esophagus. 
However, some of the cysts have no attachment to the esophagus. The tend¬ 
ency of these cysts to undergo peptic ulceration, with its ensuing complications, 
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in a few eases is significant. As a result of ulceration it is possible that bron¬ 
chial communication may be established rather than pulmonary compression and 
extrinsic bronchinl obstruction which usually occur. 

Intrathoracic gastric cysts usually become apparent in infancy and child¬ 
hood. The symptoms are pain, cough, dyspnea, dysphagia, and regurgitation 
of food. Either hemoptysis, henmtemesis, or both may occur. Repented infec¬ 
tion within the cyst may be the basis for supposed recurrent attacks which are 
erroneously considered to be pneumonia, but superimposed pneumouia in the 
lol>cs in close proximity to the cyst is common. Chronic pulmonary suppurative 
disease, including bronchiectasis, may occur in the lolxs immediately surround¬ 
ing the wall of the/cyst. If the cyst is not attached to the esophagus, the ideal 
surgical treatment is removal in one stage. Rarely, it may bo necessary to 
remove a lobe of the lung in juxtaposition until the wall of the cyst because of 
the irreparable damage to Hint portion of the lung due to infection and bron¬ 
chiectasis which may be of long-standing. Often an intimate esophageal attach¬ 
ment makes primary *resection difficult. "When intimate attachment of the cyst 
to the esophageal wall makes separation impossible, the safest procedure is to 
mnrsupialize the cyst' and to destroy the mucosa at some later date. 

The present report is concerned with the successful surgical removal of 
a gastric cyst located in the mediastinum. 

REPORT OF A CASE 

A white girl, nged 10 years, registered at the Mayo Clinic on May 21, 1945. She 
gave tt long history of repeated "pneumonic" attack?. Cough developed when she wan 3 
years of age. At this ogo sho experienced two "pneumonic" episodes, one in September 
and one in December, 1937. A long poriod of cough productive of purulent sputum followed 
the second episode. When she was 7 years of ago a long period of nausea and vomiting 
developed during which the temperature rongod from normal to 101* F. In 1941 she had 
pneumonia which first involved the upper lobe of the left long and later involved the 
lower lobe. 

In October, 1944, when the patient was 10 years of age, she had mumps, complicated 
by persistent nausea and vomiting which were thought to be a recurrence of the illness she 
had experienced at the age of 7. One week nfter the onset of the mumps a severe illness 
developed which was thought inltinllv to bo primnry atypical pnonmonia. It began with 
severe pleuritic pain, dyspnea, nonproductive irritating cough, palpitation, and fever. A 
roentgenogram of the thorax at that time revealed massive consolidation of the left lung. 
The patient was extremely ill, but eventually recovered under treatment consisting of a 
combination of penicillin and sulfonamides, two blood transfusions, and administration of 
adequate oxygen. This attack was followed by severe eoagh which was productive of puru¬ 
lent material and, occasionally, blood. The cough continued and was associated with occa¬ 
sional elevations of temperature until the time of admission to the clinic in May, 1945. A 
diagnosis of bronchial obstruction which probably originated extrinsically hnd been made. 

Physical examination at the time of admission to the clinic revealed signs which were 
largely confined to the left aide of the thorax. There were diminished resonance and tubular 
breathing over the left side of the thorax. Conduction of voice sounds was increased on 
tills side, especially in the posterolateral aspects. 

The roentgenogram of the thorax on May 25, 1945, showed a massive atelectasis in¬ 
volving at least-the lower lobe of the left long and possibly a portion of the upper lobe. 
There was a considerable shift of the heart and mediastinum to the left side. Bronchoscopy 
was performed and a great deal of purulent secretion was aspirated from the left side but 
no evidence of foreign body was found. However, there was a definite narrowing, especially 
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of the posterior branch of the left lower lobe bronchus. Studies in which radiopaque oil 
was used were made on May 20 and roentgenograms showed virtually no oil in the loft lower 
lobe bronchus. Thoro was atelcctnsis of the left lower lobe. Results of studies of the 
stomach and esophagus in which lmrium was used were negative. Examination of the blood 
revealed that the level of hemoglobin was 12.1 Gm. por 100 c.c.; erythrocytes numbered 
0,930,000 and leucocytes, 16,000 per cubic millimeter. Results of examination of the urine 
were espentially negative. 



Fie. 2. — a, Section of squamous epithelium similar to that of the esophagus removed from 
the portion of the cyst well indicated by the shaded area in the Inset (hematoxylin and eosln, 
X85) b, Portion of cyst wall as Indicated lined by epithelium consisting of tubular glands lined 
by ordinary mucous cells (hematoxylin and eosln. X8t). : ... 


On June 7, 1D4G, operation was performed by one of tu (O.T.C.). A primary left 
posterolateral incision was made, n long segment of the seventh rib was resected, and the 
pioura wns opened. The entire surface of the left lung was densely adherent to the thoracic 
wall. A line of cleavage was established between the visceral and parietal pleuras and a 
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good fissure was found between the upper and lower lobes. It was possible to carry out 
hilar resection with individual ligation of the hilar structures. A large cystic mass which 
extended down into the diaphragm posteriorly was fonnd in the medial portion of the lower 
left side of the thorax. The esophagus, lying anterior to the cystic mass, was identified.. The 
cystic mass was very adherent to the mesial and undersurface of the lung and was at first 
thought to be a cyst of the lung. It proved to be a congenital mediastinal gastric cyst 
which had become infected and established bronchial communication. Chronic suppurative 
disease was present in the bronchus of the lower lobe. Dissection was carried out down 
through the diaphragm with some difficulty. The entire cyst was removed. Temporary 
closed intercostal drainage was instituted and bronchoscopy was performed postoperatively. 

The patient was dismissed from the clinic on June 25, 1945, in excellent general 
condition. The wound healed well. 



KIe. 3.—Portion of cyst wall as Indicated lined by glandular epithelium containing both chief 
and parietal cells (hematoxylin and eosln, X45). 

Pathologic Examination .—The large, somewhat rounded sac measured 12 by 10 by 7 
cm. and was rather pyriform in shape with the small lower extremity extending below the 
larger bulbar portion (Fig. la). Approximately seven-eighths of the sac was located above 
the diaphragm while the remaining portion had extended below the diaphragm (Fig. lb). 
The sac contained thick fluid of mucoid character. 

Attached to the outer surface of this lower portion of the sac was a small portion of 
adherent diaphragmatic muscle. The wall consisted of three distinct layers, namely, an 
inner epithelial layer; a middle thick muscular layer, and an outer layer which was loose, 
fibrous, and fatty. The epithelial layer varied in histologic appearance; it could be divided' 
into three distinct portions. The left upper portion of the cyst was lined by stratified 
squamous epithelium of the esophagus (Fig. 2a). The right portion of the cyst consisted 
of tubular glands lined by ordinary mucous cells comparable to that of the pylorus (Fig. 2b). 
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Tho lower portion of the wie was lined by glandular epithelium with chief and parietal cells 
corresponding to the epithcllnra of the body end fundus of the stomach (Fig. 3). 

There was ulceration of tho lining over the left lateral surface where the sac was 
adherent to the lower lobe of the left lung nnd in this location there was a marked in¬ 
flammatory reaction. The contents of the cyst were thick, mucoid, and obviously infected. 
Tho lower lobe of tho left luug contained evidence of bronehiectnsis and associated marked 
chronic pneumonitis. 

From tho pathologic findings this intrathoracic cyst can be considered a gastric cyst 
or an accessory stomach. 


COMMENT AND SUMMARY 

Several unusual features altout this ease of intrathoracic gastric cyst are 
worthy of consideration. The first of these was its partial extension below the 
diaphragm. Other gnstric cysts reported have been attached to the diaphragm 
or embedded in it but, to our knowledge, none of the intrathoracic cysts have 
extended below tho diaphragm. This extension was of considerable surgical 
importance because removal of it necessitated repair of the diaphragm following 
removal of the cyst. 

The associated bronchiectasis in tho left lower lobe was a second unusual 
feature. Tho cyst had apparently established bronchial communication. It 
is impossible to determine in this case what part peptic ulceration played in 
tho establishment of such a bronchial communication. Unfortunately, studies 
were not carried ont to determine whether the contents of the cyst contained 
enzymes or acid. Because of the types of mucosal linings present, including the 
parietal cells in sufficient quantity, and the thick, mucoid character of the con¬ 
tents of the cyst, it docs not seem unreasonable to assume that such a cyst was 
producing acid and peptic enzymes. 

A third feature was that the cyst contained the esophageal, ns well as tho 
gastric, type of mucosa as has been the situation in n few of the reported cases. 
A large numlmr of parietal cells wero found in the gnstric type. The wall of 
the cyst was composed of three distinct layers. 

There was no iutimate nttaclunent of tho cyst wall to the esophagus nor 
did the cyst nnd the esophagus have a common musculature. The latter sit¬ 
uation was important because it permitted primary removal of the cyst in one 
stage. This is not feasible in many eases because of Ibe intimnto attachment 
to tho esophagus. The firm attachment of the lower lol>o of the left lung to 
the lateral portion of the cyst wall did increase the difficulty of resection. As 
far as can be determined, this is the first case in which an intrathoracic gnstric 
cyst was associated with bronchiectasis, had a portion of its wall extending 
below the diaphragm, nnd was treated successfully by removal of the cyst and 
lower lobe of tho left lung in one stage. 
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CRUSHING INJURIES OF THE CHEST 


Ross Robertson, F.R.C.S.(C)* 

Vancouver, British Columbia, Canada 

INTRODUCTION 

T HE Medical Officers of the Royal Canadian Air Force did not have the 
opportunity of treating large numbers of chest injuries as was the privilege 
of the Medical Officers of the American Army attached to special chest units. 
However, we did see a number of crushing injuries of the chest and since our 
hospitals were located directly on the airdrome, we were often able to attend 
the patients a few minutes after the accident occurred and to follow through 
to the completion of their treatment. 

Crushing injuries of the chest are commonly encountered in civilian practice 
and for the most part are not adequately treated, therefore it seems worth while 
to present a few cases which illustrate the necessity for early, effective treatment, 
carried out with an understanding of the physiology and pathology of the 
injured chest. The immediate concern is to keep the patient alive and if one 
keeps in mind the causes of death from crushing injuries of the chest and the 
underlying pathology, the rational treatment becomes clear. 

DISTURBANCES OF CARDIORESPIRATORY FUNCTIONS 

Crushing injuries of the chest may cause anoxia and death from the 
following disturbances of the delicately balanced cardiorespiratory function’: 
(1) hemorrhage, (2) cardiac tamponade, (3) respiratory failure (mechanical 
asphyxia), (4) acute pulmonary edema. 

Hemorrhage ,—Hemorrhage may be from an intercostal artery, internal 
mammary artery, or pulmonary vessels. The signs of internal hemorrhage, 
pallor, shock, fluid in the chest, etc., may appear late, one hour or more after 
the injury, because of the tendency for intrathoracic bleeding to' persist (Fig. 
4, A). For this reason, chest injuries must be observed closely for several 
horn's even though at first the injury does not appear severe. It is important 
to distinguish between hemorrhage from the chest w r all and intrapulmonary 
hemorrhage. As long as intrapulmonary hemorrhage threatens, the lung should 
be kept collapsed. 

Cardiac Tamponade .—Cardiac tamponade is circulatory failure due to 
inadequate filling of the heart resulting from pressure or traction on the 
auricles and superior vena cava. 

It may be caused by displacement of the mediastinum from pressure pneumo¬ 
thorax, hemothorax, massive atelectasis, diaphragmatic hernia, emphysema or 
hematoma of the mediastinum, and by hemopericardium. 

Bead at the Twenty-sixth Annual Meeting of The American AssocIaUon for Thoracic 
Surgery, Detroit, Mich., May 29, 30, and 31, 1946. 

•Formerly Wing Commander, R.C.A.F., Shaughnessy Hospital, Department of Veterans 
Affairs, Division of Thoracic Surgery. 
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Cardiac tamponade is the commonest preventable cause of death in chest 
wounds. When treated promptly, a moribund patient can be restored with 
amazing rapidity. 

Respiratory Failure (Mechanical Asphyxia ).—Respiratory failure is the 
least frequent canse of death from cheat wounds, for even a small aren of lung, 
providing it is functioning properly, will sustain life. Respiratory failure may 
lie caused by paradoxical respiration of a shattered chest wall so that on respira¬ 
tion stale air flows back and forth between the crushed side and the good lung. 
It may nlso result from obstruction to the airway by blood or medinRtinnl 
emphysema, elevation of the diaphragm from extreme gastric dilatation, or a 
bilateral tension pneumothorax. Bilateral pneumothorax will not cause respira¬ 
tory failure providing the interpleural pressures are kept negative, so that air 
flows into the lung during inspiration. 

Acute'Pulmonary Edema .—Acute pulmonary edema is caused by pressure 
on the pulmonary veins by mediastinal emphysema or hematoma or by shock. 

PATH0UM1Y 

It is essential in the treatment of crushing injuries of the chest to diagnose 
accurately tho pathologic condition present and to understand clearly its effect 
on the physiology of the respiration and clrcnlation. A crushing injury of 
the chest may fracture numerous ribs causing paradoxical respiration from a 
flapping chest wall. A fractured rib may puncture the lung or blood vessels 
or, even in the absence of rib fractures, a sudden crushing injury may tear 
these structures. The following pathologic conditions should be kept in mind:' 

(1) airway obstructed with blood, (2) flapping chest wall, (3) hemothorax, 
(4) tension pneumothorax, (5) massive atelectasis, (6) mediastinal hematoma, 
(7) mediastinal emphysema, (8) hemoperieardium, (9) diaphragmatic hernia, 
(10) acute gastric dilatation, (11) air embolism. 

TREATMENT 

Oxygen should be administered immediately at the rate of 8 to 10 L. per 
minute, without waiting for cyanosis to develop. The first signs of anoxia, rapid 
pulse, dyspnea, and restlessness, may appear sometime before cyanosis develops. 
An immediate portable x-ray examination should be ordered without interrupt¬ 
ing treatment, for although the diagnosis will usually bo clear on physical 
examination some cases will be most misleading and x-ray views will bo life¬ 
saving (Fig. 1). 

Blood obstructing the airway should be removed by suction with a catheter 
passed through the nose into the bronchos. 

A flapping chest wall with painful and paradoxical respiration can bo 
relieved by adhesivo strapping encircling the chest (Fig. 2). 3forphine may be 
given intravenously with caution to relieve pain. Depression of the cough 
reflex is not a disadvantage in the early treatment but rather tends to prevent 
further hemorrhage. 
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Fie. 1 (Case 1).—Post-mortem view showing- massive atelectasis of right lung pulling me¬ 
diastinum to right. Small pneumothorax on left. Officer was admitted to hospital fifteen 
minutes after aircraft crash, considered too ill for x-ray examination. Cardiac tamponade was 
recognized hut thought due to pressure pneumothorax on the left An immediate x-ray exa¬ 
mination followed by a therapeutic pneumothorax on the right might have saved his life. 



Fig. 2 (Case 2).—Multiple fractures of ribs with small traumatic prieumothorax of,right 
side of chest Patient was dyspneic and cyanotic from flapping chest wall. Adhesive strap¬ 
ping encircling the chest gave relief. 




rooertson: crushing injuries of chest 
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Fi*. t (Cans S).— A, Hemothorax following crushing injury to left chest In car accident. 
Dyspnea wai never severe, no cyanosis. Treated by repeated aspirations. S, Eight months 
alter accident A few adhesions to left diaphragm, Dyspnea after sir!mming crawl stroke 
200 yards. 
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must be persistent, until the lung is completely and permanently re-expanded 
(Fig. 3, A and B). If repeated aspiration fails to remove the fluid shown to he 
present by x-ray examination, clotting has occurred. In the early stage it is 
usually possible to remove the clots with an intercostal catheter and suction of 
about 5 c.c. of mercury. If this is not possible, a thoracotomy is indicated to 
decorticate the lung permitting complete re-expansion. This should be per¬ 
formed as soon as the patient’s condition permits before the clot has become 
firmly organized, usually in from two to three weeks. 



A. 


Fig. S (Case 5).—A. Multiple fractures of ribs and herniation of colon Into left chest wlUi 
moderate displacement of mediastinum to the right. Patient had been struck by a railway 
speeder. There was hyper-resonance with absent breath sounds in the left side of the chest. 
The upper part of the abdomen was tender and rigid. B, Barinm enema reveals sp.enlc 

Cardiac Tamponade .—If cardiac tamponade is caused by tension pneumo¬ 
thorax, it is best relieved by the insertion of an intercostal catheter with drainage 
under 2 c.c. of water. The catheter should be inserted in the second interspace 
anteriorly to tap the dome of the pleura where the air accumulates (Fig. 4, B). 
In this way, positive pressure pneumothorax is automatically relieved without 
removing excess blood. When the danger of bleeding is over, usually in three 
to six days, the air and blood can be gradually and completely evacuated by 
posturing the patient (Fig. 4, C). The rate of evacuation is determined by the 
patient’s symptoms. Too rapid withdrawal will cause dyspnea and a feeling 
of tightness in the chest. The presence of an intercostal catheter gives much 
better control of a tension pneumothorax. There is little tendency for the 




Flc- 6.— B, Barium enema reveals splenic flexure of colon in left aide of chest confirm- 
inr diagnosis of diaphragmatic hernia- O, Postoperative x-ray view after repair of left dia¬ 
phragm from below. (Courtesy of Dr. A. B. Schinbein.) 
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catheter to plug, the patient is spared repeated needlings, and the chest can be 
strapped adequately to control paradoxical respiration. When a hemothorax 
is drained with an intercostal catheter, a clotted hemothorax rarely develops. 

If cardiac tamponade is caused by massive atelectasis due to plugging of a 
main bronchus with blood clot, it will be found that, a pneumothorax is not 
present and the symptoms will be dramatically relieved if pneumothorax is 
given. In addition, the hemorrhage frSmyJhe pulmonary vessels will be con¬ 
trolled also. Later, the plugged bronqlius*‘should be aspirated with a nasal 
catheter or through a bronchoscope (Figs’ 1 and 7). 

Mediastinal hemothorax or emphysema causing acute pulmonary edema or 
compression of the airway is treated by an incision in the episternal notch which 
is kept covered with a loose petrolatum gauze dressing to allow blood and air 
to escape. The administration of concentrated blood serum may be of assistance. 
Saline solution should be avoided. Atropine, gr. /loo to y co , is often helpful. 



Fig. 6 (Case S). Herniation of left diaphragm and diffuse intrapulmonary hemorrhage 
following crushing injur}' in a jeep accident. Patient was very dyspneic and cyanotic, having 
hemoptysis. Coarse nlles were heard throughout the chest with splashing sounds at the left 
bnse. He was. treated conservatively with bronchial and gastric aspiration and died eight days 
after injur}'. (Courtesy of Lieutenant Colonel Rocke Robertson.) 


Acute gastric dilatation, if present, should’ be relieved by suction through 
a duodenal tube. 

In one patient, air embolism occurred three days after injury while he was 
being moved for x-ray examination of a 1 fractured ankle. One of the fractured 
ribstiformed a very sharp spicule and a small traumatic pneumothorax failed to 
protect tiie lung. He had a partial hemiplegia which cleared completely-in three 
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weeks. This complication would have been prevented if the pneumothorax had 
been increased to collapse the lung out of reach of the broken ribs. 

Cardiac tamponade from hemopericardium calls for aspiration of the blood 
from the pericardial sac. 

A large herniation of abdominal viscera through a ruptured diaphragm 
might easily be mistaken for a traumatic pneumothorax (Fig. 5, A). Expansion 
of gases in the displaced viscera may cause acute cardiac tamponade and 
necessitate immediate thoracotomy for repair of the diaphragm (Fig. 6). 

CONCLUSIONS 

1. An intercostal catheter inserted in the second interspace anteriorly 
is the most effective method of controlling pressure pneumothorax and of pre¬ 
venting clotting hemothorax. 

2. Intrapulmonary hemorrhage is best controlled by collapse of the lung 
by pneumothorax. 

3. Bronchial secretions or hemorrhage should be removed by aspiration 
rather than strenuous coughing. 

4. A diaphragmatic hernia is almost the only indication for immediate 
thoracotomy in crushing injuries of the chest. 

5. In every general hospital, a team trained and equipped to treat crushing 
wounds of the chest would save many lives. 
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DISCUSSION 

DR. ALFRED BLALOCK, Baltimore, Md.—I would like to ask Dr. Robertson how 
he makes the diagnosis of cardiac tamponade. More specifically, I would like to know 
if the venous pressure was measured and, if so, what the venous pressure was; and, second, 
if the heart was fluoroscoped with regard to pulsations. 

DR. CLAUDE S. BECK, Cleveland, Ohio.—There is a good English word to take the 
place of cardiac tamponade, which seems to be getting general uBe in the literature, and that 
is the simple term of “compression of the heart.” It seems to me that that term is better 
than cardiac tamponade. 

DR. H. BRODIE STEPHENS, San Francisco, Calif.—It is my opinion that hemo¬ 
thorax is best managed by early aspiration. Early aspiration means removal of the hemo¬ 
thorax within twenty-four to forty-eight hours after injury. The British, under the leader- 
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•hip of A. Tudor Edwards, are particularly insistent that a fresh hemothorax bo aspirated 
early In order to prevent a possible chronic homothorax. 

I believe it la worthy of mention to tell yon of a wounded soldier I treated in a Field 
Hospital in tho winter of 1944. This soldier had a sucking wound of the right cheat doe to 
a retnined high explosive shell fragment. I dtfbrided tho ancklng wound and opened the 
pleural cavity rather widely in accomplishing tho debridement. The hemothorax present was 
clotted and tho entrance wound on the lateral surfaeo of tho right lung nenr the Assure be¬ 
tween ,the upper nnd lower lobes was completely dry and actually sealed. I attempted to 
reach tho retnined shell fragment by passing my Anger along tho tract of the missile. I 
could not reach tho foreign body but upon withdrawing my finger from the wound in the 
lung, the hemorrhage was so severo tlmt pneumonectomy was required. The resected right 
lung revealed that the branch of the pulmonary nrtery to the upper lobe had been completely 
severed by the offending missile. 

This particular case is cited to emphasize the point tlmt pulmonary bleeding will either 
cease spontaneously or result in death from exsanguination. It is my opinion that aspiration 
per se has little, if any, direct effect on the amount or deration of parenchymal bleeding. 
Early aspiration of a hemothorax brings about immediate direct relief to the cardiorespiratory 
system from the ill effects of fluid under pressure, and In addition such management of 
hemothorax may prevent so-called chronic hemothorax. 

DR. ROSS ROBERTSON, Vancouver, Canada.—In reply to Dr. Blalock, we did not 
use the fluoroseopo to diagnose cardiac tamponade. It can usually be diagnosed by physical 
examination, by noting the position of the heart nnd the trachea, but the cause of it may 
be difficult to diagnose, and for that reason the patient should have a good portable x-ray 
examination. 

As to the use of the term “tamponade/' I would prefer to say that there is some 
interference with tho filling of the heart. That interference need not be due to pressure. 
It may bo due to traction on the mediastinum. Any displacement of the mediastinum may 
cause it. 

In reply to Dr. Stevens, about the early aspiration of hemothorax, I think that most 
authors have first seen these patients a day or two after their injury, and if that is what 
Dr.- Stevens means by early aspiration, I agree heartily with him, but when a patient is seen 
within one hour or so after injury, when he is still expectorating fresh blood, I think the lung 
should be kept eollapsed, and I think it is best to defer the aspiration until the intrapulmonary 
hemorrhage is under control. 



ACUTE SUPPURATIVE MEDIASTINITIS 

Ralph Adams, M.D. 

Boston, Mass. 

A CUTE suppurative mediastinitis has been, until recent years, a disease 
accompanied by a high mortality rate, and the occasional case with re¬ 
covery was considered unusual. Patients in seven such cases have been treated 
in the last three years, with successful recovery from the mediastinitis in all 
instances. The methods of management of these cases are presented, in the 
belief that they may be of interest to the profession (Table I). 

Certain points are worthy of emphasis. 

The following symptoms are of assistance in making a diagnosis promptly: 
pain in the neck or chest on swallowing, pain in the epigastrium or shoulder, 
and pain on inspiration. Each of these patients had pain in one or another of 
the locations mentioned within one to six hours of the esophageal injury which 
caused the mediastinitis. Neck pain occurred only in the three patients with 
cervical esophageal leakage. Epigastric pain was an early symptom in the 
three patients in whom the perforation was in the lower third of the esophagus. 
One patient with a midesophageal perforation had substemal pain. Two pa¬ 
tients in whom there was rapid extension of infection into the inferior pul¬ 
monary ligament and retropleurally over the diaphragm had shoulder pain. 
One of these patients had sharp pleuritic pain on inspiration. The earliest 
symptom in all cases was pain on swallowing, and it was noticed in some 
degree from the first fluids taken after injury, although variable in the severity 
and in the rapidity with which it developed. 

The physical signs observed in the cervical region were tenderness, full¬ 
ness, and edema along the course of the left stemomastoid muscle. Three of 
the patients with lower esophageal leakage had epigastric tenderness and spasm. 

The temperature rose 1 or 2° F. within eight hours in all cases, and was 
accompanied by an elevation of the leucocyte count to levels ranging from 
13,000 to 31,000 within twenty-four hours. A temporary period of apparent 
improvement and subsidence of reaction occurred in four of these cases between 
six and eighteen hours after injury, mai'ked by decrease iu pain and tender¬ 
ness, and loweriixg of the temperature reading and leucocyte count. This 
transient but treacherous phenomenon may induce in the physician a danger¬ 
ous and false impression that recovery has begun. It is thought to represent 
merely a delay between the body respoxxses to the initial chemical type of 
injury of esophageal secretions in contact with the mediastinal tissues and, 
subsequently, to the infectious process itself. 

Read (by title) at the Twenty-Sixth Annual Meeting of The American Association for 
Thoracic Surgery, Detroit, Mich., May 29. 30, and 31, 1946. 

From the Department of Surgery, The Lahey Clinic. 
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Any pntient suspected of having suffered an esophageal perforation should 
be promptly examined fluoroscopicnlly and rocntgenologically, with barium in 
the esophagus, with a radiologist in charge of the examination. Roentgeno¬ 
grams made with portable apparatus are seldom done under sufficient control 
of conditions to assure adequate study or interpretation of the findings. If a 
patient is sick enough to wnrrnnt n tentative diagnosis of suppurative mediasti- 
nitis secondary to esophageal leakage, it is imperative that the diagnosis lie 
confirmed or excluded promptly. Procrastination and delay are factors more 
likely to allow him to become worse than is a trip to the x-ray department 
The same reasoning is Ynlid in regard to introduction of barium mixture into 
tbo esoplingus. Tf the pntient does not have a perforation, a swallow of barium 
will do him no harm. If a perforation is present, it may he demonstrated hr 
extravasation of the barium mixture, and immediate dminnge instituted. Other 
roentgenologic signs of mediastinal infection observed have been: air in the 
tissue plnnes of the neck and mediastinum, anterior displacement of the 
esophagus, widening of the mediastinal shadow, elevation of n diaphragm anj •. 
obliteration of the costophrcnic or enrdiophrenic angle. 

The primary requirement in treatment is prompt establishment of depend ' 
ent drainage. Infection within the mediastinum rapidly becomes widelr ii' 
seminated along the tissue plnnes, there being little natural provisioa 4 
localization or immunization in this region. Surgical drainage is indir- J ■ 
immediately after making the diagnosis. V 

Gastrostomy should always be done for purposes of fluid and fvV 
ministration. In four of the cases, the gastrostomy was done as its 
procedure under the same intratracheal anesthesia as used for the at-fiip- 
omy. Only n short time is required. The esophagus thereafter 
rest until the perforation has healed. Frequently, subsequent csop 1 , 
tation of a stricture responsible for the perforation is desirable at-' 
thread by the retrograde route provided through a gnstrdstoinVi-*- 
fact, one may question the wisdom of attempting dilatation of c-'t- 
stricture except with the guidance of an indwelling thread'!- 
stances of perforation reported here might have been prev 
passage of a thread through the esophagus. If it cam 
passed into the stomach and Bmall intestine for anchored 
sufficient indication for gastrostomy. By the retrograV-.g 
the esophagus can usually be traversed more SRfely the,.-, 
drawn through, and dilatations then carried out 
would seem reasonable for the physician to decline 
of a patient with a stricture who refuses to have 
gastrostomy. 

Drainage of the mediastinum has been estij 
three hours of the time the patients were seen in c* 
confirmed. The site of drainage has been deGI 
esophageal perforation and the location of the njjjj 
lower and one mid-mediastinal infectious were 
the bed of the oighth rib posteriorly. The 
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Table L 


CASE 

1 

AGE 

ANT) 

SEX 

I 

ADMIS¬ 

SION 

DATE 

1 

| 

PRECEDING 

DISEASE 

CAUSE OP 
MEDLASTI- 
NIT1S 

LOCA¬ 
TION OF 

LEAKAGE 

SYMPTOMS 

1 

64, M 

2/24/43 

Caustic stricture, 

3 mo. 

Esophagos- 
copy and 
dilatation 

Lower 

third 

esopha¬ 

gus 

Pain on swallowing; pain in epi¬ 
gastrium and right shoulder; 
pain on inspiration; fever 

2 

49. F 

4/ 4/44 

Cardiospasm, 6 
mo. 

Esophageal 

dilatation 

Lower 

third 

esopha¬ 

gus 

Pain on swallowing; fever 10 hr. 
after dilatation; 102° F., 30 
hr. afterward; pain in upper 
abdomen 

3 

50, F 

4/13/44 

Cardiospasm and 
fibrous stric¬ 
ture, 8 yr. 

Plummer 
bag dilata¬ 
tion to 15 
pounds 

Lower 

third 

esopha¬ 

gus 

Pain at time of dilatation; temp. 
99.8° F. next day; 101° F. in 
48 hr.; pain in epigastrium 
with swallowing; painful 
breathing 

4 

70, F 

2/ 5/46 

Carcinoma of 
esophagus in¬ 
vading medi¬ 
astinum, 5 mo. 

Esophagos- 
copy and 
biopsy 

Middle 

third 

esopha¬ 

gus 

Pain on swallowing 6 hr. after 
biopsy; severe substernal and 
upper abdominal pain and 
dyspnea 8 hr. after biopsy; 
fever 100° F. 

5 

58, F 

1/11/44 

Bon)- spur cervi¬ 
cal vertebra; 
diaphragmatic 
hernia; short 
esophagus 

Perforation 
of cervical 
esophagus 
by bony 
spur dur¬ 
ing esoph- 

Cervical 

esopha¬ 

gus 

Pain on swallowing; gradual on¬ 
set; pain and soreness in inns- 
- cles in left side of neck; slow¬ 
ly rising fever for 3 days 

6 

43, F 

5/24/45 

Plummer-Vinson 
syndrome; 
stenosis of 
cervical 
esophagus 

agoscopy 
Esophagos- 
copy and 
dilatation 

Cervical 

esopha¬ 

gus 

Pain on swallowing; pain in 
neck and upper chest; rising 
fever to 100° P. in 24 hr. 

7 

44, F 

1/13/46 

Cervical esopha¬ 
geal stenosis 
from old thy¬ 
roidectomy in¬ 
jury; receiv¬ 
ing periodic 
dilatations 

Dilatation 

10 days 
prior to 
entry 

Cervical 

esopha¬ 

gus 

Pain on swallowing in neck and 
upper right side of chest fol¬ 
lowing dilatation; increasing 
for 10 days; fever to 102° F.; 
unable to swallow, 5 days; 
dyspnea, stridor, cyanosis, 4 
hr. 


approach the abscess on the side of most marked mediastinal widening and 
pleural reaction. The cervical mediastinal infections were drained by an in¬ 
cision along the medial border of the left sternomastoid muscle, and deepened 
lateral to the thyroid gland to reach the retroesophageal space. In each of the 
three cases of cervical mediastinitis, the infection was found to extend into the 
upper thorax. Therefore, a right-sided posterior mediastinotomy through the 
bed of the third or fourth rib was done at the same time to establish through- 
and-through dependent drainage. The right side was chosen to avoid inter¬ 
ference from the aortic arch or subclavian arteries, or injury to the thoracic 
duct, as might occur with a left-sided approach. 
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Hydration, calorie and vitamin intake, and high circulating levels of 
sulfadiazine and penicillin were maintained through parenteral and gastros¬ 
tomy administration. The chemotherapy was continued until after all signs of 
systemic reaction to infection had subsided. 

SUMMARY 

Acute suppurative mediastinitis caused by trauma or perforation of the 
esophageal wall historically has been attended by a high mortality rate. 

In 1943 a plan consisting of immediate gastrostomy and extrapleural medi- 
astinotomy and massive chemotherapy was adopted. Since then seven patients 
have been so treated and each has recovered. 

The principles and details believed to be essential to the establishment of 
a prompt diagnosis and an effective regimen of treatment are described and 
discussed. 



OPEN PNEUMONOLYSIS 

An Adjunct to Pneumothorax and Closed Pnf.umonolysis 

0. C. Brantiqan, 3LD. (dy invitation) 

Baltimore, IUd. 

O PEN pneumonolysis was first done by Friedrich 10 in 1908. Many workers 
realized the necessity of releasing pleural adhesions in order to bring 
about adequate pulmonary collapse in an otherwise ineffective pneumothorax. 
Tn spite of poor results and n high mortality in the past, a number of sur- 
geons l ■ s, '• , *•' , • 1,, >»■»«.»•«•»» continued to favor open pneumonolysis. 

The closed method of releasing pleural adhesions was developed by Jaco¬ 
bsens and Bcitr” in 1913 and, interestingly enough, this procedure had to 
prove its superiority over the open operation. The open method was pre¬ 
ferred by several workers, 13 '’*-" during the period when the closed operation 
was becoming established. By comparing only two cases, Sadis” attempted 
to show the superiority of the closed method. The closed method of intra¬ 
pleural pneumonolysis became an established procedure in Europe before it 
did in the United States. Matson” assured it a lasting plnco in American 
medicine. Since closed pneumonolysis became an established and accepted 
operation, two schools of thought have prevailed concerning the open operation. 
Some writers hove condemned the procedure ns dangerous,*’*•»».“•*>. >» and 
others take pride in saying it died a deserved death. It is obvious that these 
statements oftou are not based upon experience. Other workers, 13 ’ 13 ’** par¬ 
ticularly Alexander and Anderson, 3 ' * Dohuonyi,” and Hoppe, 31 have maintained 
that the procedure, properly used, has its place in the treatment of pulmonary 
tuberculosis. 

Alexander, in 1925’ and 1937,’ reviewed all reported cases of open pneu¬ 
monolysis. In 1925 he concluded, “. . . that thoracoplasty is preferable to 
pneumothorax which must be preceded by so risky an operation as open intra¬ 
pleural pneumonolysis.” When the literature is reviewed one must agree 
with Alexander, who wrote in 1937, “. . . almost without exception the results 
that were reported until a few years ago wore unsatisfactory; many of the 
patients were made worse or died . . . .” It seems that Anderson and Alex¬ 
ander, 4 Carter, 13 and Iloppe 34 were the only workers who reserved open pneu- 
monolysis for those patients in whom thoracoscopic examination revealed thnt 
the adhesions could not be released by the closed method. Alexander, in 1937 
believed “. . . developments in the technic of open intrapleural pneumonolysis 
have made the operation a valuable one for a small group of patients.” This 
statement is applicable again in 1946, since developments from 1937 to 1946 

Read fby title) at tho Twenty-Sixth Annual Meeting of The American Association for 
Thoracic SurgeiT at Detroit, Mich., May 29, 50, and 51, 1940. 

Prom the Department of Surgery, School of Medicine, University of Maryland. 
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far exceed those from 1925 to 1937. Alexander appears to be the only author 
who has written about open intrapleural pneumonolysis over an extended 
period of time. 

Knowledge in medicine and surgery has increased tremendously in the 
past ten years. The advances that favorably influence the results in open 
pneumonolysis are many. It is fitting to discuss a few of these, especially the 
advances that, when applied clinically, have eliminated most of the morbidity 
and mortality associated with past attempts at open pneumonolysis. Pneumo¬ 
thorax will not be carried out when a patient has a large tension cavity. 39 
When either fibrotie or tuberculous bronchial stenosis exists, pneumothorax 
will not be instituted nor will it be continued when atelectasis occurs. 17 The 
necessity of doing open pneumonolysis is thus eliminated in this group of 
patients, where complications are frequent and serious under pneumothorax 
therapy alone. Fewer patients need open pneumonolysis because the closed 
release of adhesions is highly effective. 21 Thus, when a patient is selected 
for an open operation, no surprise or unexpected contraindications will be 
found when the pleural cavity is opened. The physiology of the lungs and 
pleura is better understood. 

Eloesser 10 seemed surprised at the ability to open the pleura under local 
anesthesia. The patient usually will maintain an open airway when awake; 
under general anesthesia the intratracheal tube will assure an open airway. 
The anesthetists are more capable now than ten years ago. Surgical shock 
is better understood and therefore it is no longer a serious problem in these 
cases. The loss of the pneumothorax after open pneumonolysis is no longer 
a serious problem. Re-expansion of the lung occurs because of bronchial 
obstruction that results from either bronchial disease 9 or muscular spasm in 
the bronchioles. 12 Subcutaneous emphysema is a symptom of re-expansion 
of the lung and not a cause. Postoperative pneumonia can, for the most part, 
be prevented by the proper administration. of a sulfonamide drug. It also 
appears that perhaps a sulfonamide drug will aid somewhat in preventing a 
spread of the tuberculous pulmonary disease. 11 Wound healing without sup¬ 
puration and the elimination of pyogenic empyema has been enhanced greatly 
by the use of penicillin, 27 and is aided by adequate ascorbic acid therapy. 28 
Empyema of the pleural cavity is practically eliminated by the use of sodium 
tetradecyl sulfate in azochloramid 10 and sulfanilamide. 37 Serous pleural effu¬ 
sions apparently are lessened by the instillation of sodium tetradecyl sulfate 
in the pleural cavity. By taking advantage of these factors, it would appear 
that open pneumonolysis could be a safe, dependable procedure in properly 
selected cases where closed pneumonolysis fails to produce an adequate 
pneumothorax. 

Rigid indications and contraindications for open pneumonolysis were 
adopted in an endeavor to keep the operation free of morbidity and mortality. 
The following indications have been used: The patient, of course, must be a 
suitable candidate for pneumothorax. Thoracoscopy must be carried out be¬ 
fore a decision is made. If possible, a closed release of the adhesions w T ill 
be effected. If closed release cannot be done or if the adhesions are re- 
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leased incompletely, the remaining adhesions are studied with open pneu¬ 
monolysis in mind. The patient is acceptable'for open pneumonolysis if the 
adhesions are not too extensive and numerous, if tho area of lung adherent 
to the parietal or mediastinal pleura is not greater than the surfnec area of 
tho operator’s palm, and if there is no evidence of pleural oxudate, tubercles, 
or plcuritis. The patient’s physical condition must be good enough to warrant 
the operation. Open pneumonolysis is contraindicated if the conditions are 
contrary to thoso enumerated; namely, extensive adhesions, large areas of 
lung adherence, plcuritis, pleural tubercles, pleural exudate, or if the patient 
obviously could not withstand operation. Truo pleural effusions will contra¬ 
indicate open operation but small transient effusions will not. 

Whon open operation is decided upon, the patient is given ample amounts 
of vitamins, especially daily doses of 500 mg. of ascorbic acid. Sulfadiazine 
is administered twenty-four to forty-eight hours preceding operation. The 
patient is matched for blood. Usually 500 c.c. of blood are sufficient, given 
at the time of operation. Local anesthesia combining a paravertebral nerve 
block and local infiltration of procaine was used for the first six operations. 
In the lator operations an intratracheal inhalation anesthesia, usually ether, 
was used. Tho patient is placed in the supine position and an anterior incision 
through the third interspace is made. Tho breast is circumscribed and lifted 
superiorly. It is unnecessary to resect a rib. Adjacent ribs or costal car¬ 
tilages are cut only if tho absence of tissue resilience makes it necessary. The 
adhesions or areas of lung adherence to tho parietal pleura are released in 
the extra endothoracic fascial plane. Hemostasis is obtained by immediate 
ligatures of silk. When tho lung is freed completely from the chest wall and 
hemostasis is complete, 600 c.c. of sodium tetradccyl sulfnto 1:500, in nzo- 
chloramid, 1:3,300, together with 5 Gm. of sulfanilamide are placed in the 
pleural cavity. The third and fourth ribs are held together with one braided 
silk suture passed through the ribs and not around them. No attempt is made 
to close the pleura or intercostal space. The muscles are closed in layers with 
interrupted sutures. The subcutaneous tissue and skin likewise are closed 
with interrupted sutures. Silk is used throughout as the suture material. 
Before a dressing is applied, air is introduced into the pleura] spaoe by means 
of a syringe and needle. 

After returning to his room the patient is given penicillin, 30,000 units 
every three hours. All sulfonamide drug medication is discontinued. The 
patient is given carbon dioxide inhalations every three hours and is turned 
frequently. An oxygen tent is used for the first, twenty-four hours. Adequate 
vitamins are administered. Befills of air are given ns necessary. The pneumo¬ 
thorax is maintained under fluoroscopic or radiographic control. Adrenalin 
in oil is given, if necessary, to relieve bronehiolar spasm. Aspiration of the 
intrapleural fluid is done when needed. The patient usually is discharged 
from the surgical ward in about ten to fourteen days. 

From April 17, 1943, to April 5, 1946, a total of 171 patients were sub¬ 
jected to thoracoscopy. Closed pneumonolysis completely freed the lung from 
the mediastinal and parietal pleural in eighty, or 46.7 per cent. In forty-five 
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patients, or 26.3 per cent, the freeing of the lung was incomplete, but it Avas 
thought at the time of operation to be sufficient to render adequate collapse 
of the lung. In this group, fifteen patients were recommended for open pneu¬ 
monolysis if the collapse was found to be inadequate. Open pneumonolysis 
was done on only two of these. In nine, or 4.2 per cent, the lung was freed 
incompletely, and at the time of closed pneumonolysis it was thought that the 
collapse of the lung would be inadequate to control the disease. Of these nine, 
five were recommended for open pneumonolysis if the collapse proved inade¬ 
quate, but only two were subjected to open operation. Thoracoscopy alone 
Avas done on tliirty-seA r en, or 21.6 per cent of the original 171 patients. In this 
group eleven patients, or 29.8 per cent, were recommended for open pneu¬ 
monolysis and each patient Avas subjected to the open operation. Since each 
patient in this group that Avas recommended for open pneumonolysis actually 
underAvent the operation, there are no patients Avho can justly be considered 
as controls for the comparison of end results. In the group that had incom¬ 
plete release of adhesions, there are so many variable factors that it is useless 
to compare the end results between those A\dio had the open operation and 
those A\ r lio did not. Many of the patients A\ho had incomplete release of the 
adhesions by the closed method subsequently Avere found to have adequate 
pulmonary collapse. 

Of 171 patients subjected to thoracoscopy, thirty-one Avere recommended 
as candidates for open pneumonolysis and fifteen of these had the operation. 
Of the thirty-one recommended for possible open pneumonolysis, twenty had 
adhesions partially released by the closed method. Only four of the twenty 
had the open operation. It is impossible to determine hoAv many should 
actually have been subjected to the open operation. A late tuberculous 
empyema or a spread of disease to the contralateral lung might have been 
averted by completely freeing the lung. Of the thirty-one patients Avho had 
thoracoscopy, only eleveu Avere recommended for open operation, and all of 
these Avere subjected to the open pneumonolvsis. It is impossible to sum¬ 
marize end results on the fifteen avIio had open pneumonolysis, since the cases 
are so feAv and the time element so variable. The details of each case are 
given in Table I. The operation Avas successful in every instance. In all 
patients, Avith one possible exception, the disease has been controlled in the 
lung on the side subjected to open pueumonolysis. No morbidity, no Avound 
infection, and no empyema occurred after the open operation. In the first 
feAv operative months spread of the disease did not occur in any patient in 
either the ipsilateral or contralateral lung, and no patient Avas made Avorse 
by the open pneumonolysis operation. Three patients noAV haA r e a poor prog¬ 
nosis because of contralateral disease. Three others liaA'e been com r erted to 
an oleothorax because of obliterative pleuritis. Tavo patients have persistent 
fluid and in each the fluid, Avhen cultured, revealed tubercle bacilli. One pa¬ 
tient, aa'Iio developed an obliterative pleuritis and Avas converted to an oleo¬ 
thorax for this reason, had a sputum that Avas negative on culture seven months 
postoperatively. He died tAventy-one months after the operation. The civ- 
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cumstances of his dealli nro unknown, but Jlie cause of dentil is listed ns pul¬ 
monary tubereulosis on the death certificate. 

Perhaps tho indications for open pneumonolysis have been held entirely 
too rigid. Where thoracoscopy nlonc was done only 20.8 per cent wore recom¬ 
mended for open operation. It is possible that more should have been rec¬ 
ommended. Hoppe’* in 3937 subjected to open pneumonolysis only 7 out of 
220 patients who had closed relense of adhesions or examination alone. How¬ 
ever, the rigid indications undoubtedly account for tho nbscncc of postopera¬ 
tive morbidity and mortality and also for the good end results. If indications 
nre to be relaxed at all it seems that one might accept more complicated adhe¬ 
sions and larger areas of adherence of lung to the chest wall for operation. 
It does not seem feasible that one-half the pleural surfaco enn.be denuded 
without complications. In such eases thoracoplasty surely would be indicated 
rather than open pneumonolysis. 

Since the experience with early thoracoscopic examinations and tho re¬ 
lense of ndhesions had been not only satisfactory but highly desirable,” the 
open pneumonolysis was often accomplished within two weeks of the date 
that pneumothorax was initiated. This reduced pleural effusions and pleuritis 
as factors in refusing the open operation. When the patient is operated upon 
early nftor the initiation of pneumothorax, dense fibrous ndhesions nre not 
encountered and. of course, the pleura is delicate. Tho patient can thus be 
admitted to a general hospital, pneumothorax initiated, and thoracoscopy 
accomplished. If needed, an.open operation can be performed and the patient 
discharged from tho hospital in from three to four weeks with nil adequately 
controlled pneumothorax. 

At one time it was thought advisable to he prepared to follow immedi¬ 
ately with on open pneumonolysis if the closed method failed. This wns dis¬ 
continued since it frequently meant unnecessary preparation of tho patient 
and useless preparation in the operating room. Such procedure often fright¬ 
ened the patient when a simple olosed pneumonolysis wns entirely sufficient 
or when open pneumonolysis wns found to he contraindicated after thoracos¬ 
copy. When necessary, open operation now follows thoracoscopy in a few days. 

From close observation it appears that patients tolerate the administra¬ 
tion of general anesthesia belter than the local anesthesia. Howover, there is 
less difficulty with re-expansion under local anesthesin since the patient 
struggles on recovery from general anesthesia. The strugglo thnt accompanies 
the excitement in recovery from anesthesia increases the intrapleural pressure 
and thus favors expansion of the lung. 

The supine position with an anterior incision is used because there is less 
chance of aspirating bronchial secretions into tho other lung. If the patient 
is in the lateral position, the weight of the lung and mediastinal structures 
cause a shift of these structures into the inferior pleural cavity. Obviously, 
this is the result of the weight of the structures and the effect of gravity. 
The same mechanical situation does not occur in the supine position and ac¬ 
cordingly the mediastinum does not shift bo readily. The supine position is 
bettor tolerated by the patlont than is the lateral. 
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Table L Results in Fifteen Patients With Open Pneumonolysis 


NAME ! 

MONTHS 

AFTER 

OPERA¬ 

TION 

| SPUTUM 

GASTRIC 
CONTENT | 

INTRA¬ 

PLEURAL 

FLUID 

OBLITER¬ 

ATIVE 

PLEU- 

; Rms 

OLEO¬ 

THORAX 

M 


PNEUMO¬ 
THORAX J 

PROG¬ 

NOSIS 

H. F. 

37 

Negative con¬ 
centrate 

Not done 

No 

Yes 

Yes 

No 


No, oleo¬ 
thorax 

Good 

J.S. 

21 

Negative cul¬ 
ture 7 mo. 
after opera¬ 
tion ' 

Not done 

No 

Yps 

Yes 

Yes 


No, oleo¬ 
thorax 

Pied 

E. H. 

35 

7 

Negative 

smear 

Yes, cul¬ 
ture posi¬ 
tive 

No 

No 

No 


Yes, effec¬ 
tive 

Good 

C. R. 

34 

Negative di¬ 
rect smear 

Not done 

No 

No 

No 

No 


Yes, effec¬ 
tive 

Good 

L. L. 

25 

7 

Negative 

culture 

and 

guinea 

PiR 

Yes, bilat¬ 
eral posi¬ 
tive cul¬ 
ture, op¬ 
erated 
side 

Yes 

Yes 

Yes, 

but 

con¬ 

trolled 

Yes, con¬ 
tralater¬ 
al side 

Good 

V. S. 

25 

Positive smear 

Not done 

Empyema, 

contra¬ 

lateral 

side 

No 

No 

Yes, 

ac¬ 

tive 


No, aban¬ 
doned be¬ 
cause of 
contralat¬ 
eral lung 
disease 

Hope¬ 

less 

Pi. h. 

23 

7 

Not done 

No 

No 

No 

Yes 

Yes, effec¬ 
tive 

Poor 

I.D. 

10 

Negative con¬ 
centrate 

Not done 

No 

No 

No 

No 

Yes, effec¬ 
tive 

Good 

M. M. 

17 

No sputum 

Not done 

No 

No 

No 

No 

Yes, effec¬ 
tive 

Good 

G.B. 

13 

No sputum 

Not done 

No 

No 

No 

No 

Yes, effec¬ 
tive 

Good 

L.L. 

10 

7 

Positive 

smear 

No 

No 

No 

Yes, 

active 

Yes, effec¬ 
tive 

Poor 

J. D. 

7 

7 

Negative 

smear 

No 

Ques¬ 

tion¬ 

able 

No 

No 

Yos, effec¬ 
tive 

Good 

H. S. 

6 

7 

Negative 

smear 

No 

No 

No 

No 

Yes, effec¬ 
tive 

Good 

R. M. 

3 

Negative smear 

Not done 

No 

No 

No 

No 

Yes, effec¬ 
tive 

Good 

. W.U. 

2 

Not done 

Not done 

No 

No 

No 

No 

Yes, effec¬ 
tive 

Good 


•There was no contralateral spread or activation of disease caused by operation. 


The third interspace is selected for the incision. It gives the best expo¬ 
sure. One is sometimes tempted to use the second or fourth interspace, but 
if this course is followed the exposure is jeopardized. If the exposure is not 
adequate the adjacent costal cartilage may be divided. A division of the 
third costal cartilage allows more exposure in the apex, whereas division of 
the fourth costal cartilage permits greater exposure interiorly. The breast is 
elevated superiorly. The skin, breast, fat, and pectoralis major muscle are 
raised as a single flap. This places the muscle incision inferior to the incision 
through the interspace. 

The lung is always handled with great care in order to eliminate trauma. 
The adhesions are released in the endothoracic fascial plane, as pointed out 
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by Eloesser 10 and Carter. 13 This step provents injury to the lung. Much 
attention is given to hemostasis. All bleeding points are controlled by suture 
ligatures of silk. The galvanocautery or clectrosurgical methods arc not used 
becanso hemorrhage control is not dependable and the extent of tissue dam¬ 
age is greator than by sharp dissection and suture ligaturos. It has never been 
necessary' to ligate the lung side of an adhesion. 

No attempt is made to close the pleura or the intercostal spnee. Be- 
expnnsion has not been a problem since patients with endobronchial diseaso 
which produces a check valve mechanism arc not suitable candidates for 
pneumothorax and therefore open pnoumonolysis is not needed. Bronchiolar 
spasms can be relieved by the use of adrenalin in oil. 

In this small series, as in all other series where pulmonary tuberculosis 
is treated, disease in the contralateral lung reduces the chances for favorable 
end results. It appears that obliterative plenritis will occur rather frequently 
after opon pnoumonolysis. Some of the pnlionts recently subjected to opera¬ 
tion are likely to dovclop this complication. It is possible that the judicious 
uso of oleothorax will control the obliterative pleuritis. 


CONCLUSIONS 

1. Open pnoumonolysis is an adjunct to closed pneumonolysis and pneumo¬ 
thorax. 

2. Open pucuitionolyms can be accomplished with a low morbidity and 
mortality rate if strict adherence to the proper indications is observed. 

3. There is a definite need for open pneumonolysis in the treatment of a 
small group of properly selected patients with pulmonary tuberculosis. 
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THE INITIAL SURGERY OF THORACOABDOMINAL WAR INJURIES 

Reeve II. Betts, M.D. 

Bhookline, Mass. 

T HE term, “thoracoabdomiual ■wound” denotes injury to the thorax and ab¬ 
domen by the same missile. Such a wound necessitates actual penetration 
through the diaphragm or transmission of sufficient force to produce injury in 
the other serous cavity. The vast majority of thoracoabdominal war injuries 
are due to a missile actually traversing the diaphragm. Casualties with separ¬ 
ate wounds of tlie abdomen and thorax present a different problem and these 
are tetter termed “combined thoracic and abdominal injuries'.” This discus¬ 
sion is limited to true thoracoabdominal wounds. 

DIAGNOSIS 

A working diagnosis is readily apparent in the majority of war wounds, 
including thoraeoabdominul injuries. A thorough inspection of all surfaces of. 
the thorax and abdomen, both anteriorly and posteriorly, for wounds of en¬ 
trance or exit, plus the usual physical examination and roentgenologic pro¬ 
cedures, is sufficient in most cases. A complete preoperative diagnosis is de¬ 
sirable, but the one point of utmost importance is the determining beyond rea¬ 
sonable doubt of the presence or absence of a thoracoabdominal wound. If 
such an injury is deemed to he possible from the inspection of the wonnd, physi¬ 
cal examination, and a study of the roentgenograms, exploration must be done. 

Thoracic wounds frequently give rise to pain and spasm of the upper ab¬ 
domen and such findings are, therefore, not reliable indications of abdominal 
injury- Differential diagnosis in these coses by paravertebral procaine inter¬ 
costal block is time consuming and often inconclusive. Thoracoabdominal 
wounds with the abdominal injury limited to the liver, spleen, or kidney may 
present a paucity of abnormal abdominal findings. Absence of peristalsis is 
indicative of bowel injury. However, we have noted peristalsis even in the 
presence of colonic injury sufficiently often to vitiate its being considered as 
pathognomonic. Reliance should be placed mainly on inspection of the wound, 
or wounds, and the projection of the suspected course of the missile from the 
position of tho wounds, if perforating in type, or from the wound of entrance 
and position of the foreign body by roentgenography in the penetrating type 
of injury. 

The pleura can be assumed, with reasonable accuracy, to follow the outline 
of the periphery of the ribs and costal cartilages. For tentative diagnostic 
purposes, the thickness of the diaphragm can be dispensed with and the peri¬ 
toneum assumed to be in contact with the diaphragmatic pleural surfaces. If 
the diaphragm were immobile and formed a perfectly horizontal partition, 
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There arc occasional cases with very bizarre missile courses due to the foreign 
body striking a'bony structure tangentially, but these are greatly in the min¬ 
ority. Many-such "bizarre” pathways are explained by determining the posi¬ 
tion the casualty was in when injured. 

As approximately 90 per cent of casualties with thoracoabdominal wounds 
show the path of the missile to be from chest to abdomen 1 and only 10 per cent 
from abdomen to chest, the greatest difficulty is encountered, from n diagnostic 
standpoint, in determining the presence or absence of abdominal injury in a 
patient with a known thoracic wound. As stated previously, the diagnosis 
is often straightforward. Exploration must be done in those in whom ab¬ 
dominal injury is suspected if there is any reasonable doubt. The only ones 
that permit a different course are those with minor liver penetrations. If such 
a foreign body be only 2 or 3 mm. in diameter and can be shown to lie within 
the liver roentgcnographically, certain of these lesions may be treated expect¬ 
antly. From personal knowledge, it appears that about 1 per cent of all 
thoracoabdominal war wounds fall in this category. If the foreign body is 
over 3 mm. in diameter it is best to determine surgically the exact damage that 
has been done. 



Fir. 2.—A ocbematlo representation of the possibilities of Uiaphracmatlc Injury. Ms- 
»Uej entering the body at certain levels may or may not Involve the diaphragm depending 
on the dlrecUon of tho missile and the position the casualty was tn when Injured. 

It is apparent from tbe foregoing that most questionable thoracoabdom¬ 
inal injuries that demand exploration, but where no diaphragmatic pene¬ 
tration is found at operation, will have thoracic without abdominal involve¬ 
ment In those cases, it is possible to rule out intra-abdominal lesions by 
thoracic exploration and, at the same time, carry out any indicated thoracic 
repair. Because of the difficulties of accurate diagnosis in lesions around the 
diaphragmatic sulci and the importance of treating surgically any patient with 
possible abdominal injury, many exploratory thoracotomies must and should be 
done. In a series of 2,267 penetrating and perforating injuries of the thorax, 
including 903 thoracoabdominal wounds treated by the Second Auxiliary 
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Surgical Group, it was found 1 that thoracoabdominal injury, either suspected 
or proved, was the most frequent indication for thoracotomy in the forward 
area. In this group 122 thoracotomies were done for suspected thoracoab¬ 
dominal injury where no diaphragmatic lesion was discovered at operation. 
Thoracotomy for suspected thoracoabdominal injury, but none found, com¬ 
prised 28 per cent of all the thoracotomies done in the forward area by the 
group. 

PREOPERATIVE PREPARATION 

Resuseitative methods and proper preoperative care are of utmost im¬ 
portance to both the thoracic and abdominal casualty. If the wound is a 
thoracoabdominal one, certain concessions may have to be made that are not 
ideal from one or the other viewpoints. Thoracic physiology should be re¬ 
stored to as nearly normal as possible before operation, and the length of time 
this takes, within limits, is unimportant from the thoracic standpoint. Time 
is of great importance in cases with abdominal injury. It is, therefore, often 
necessary to treat the patient with a thoracoabdominal injury somewhat differ¬ 
ently than holds for either the straight thoracic or abdominal case. Replace¬ 
ment therapy with blood, plasma, and electrolytes can be used quite freely for 
abdominal cases, but there is some danger of overloading the already deranged 
cardiorespiratory system of the thoracic casualty. Indicated replacement 
therapy should be used, and it will be found to be indicated in practically 
every thoracoabdominal casualty. It is necessary, though, that the shock 
officer and surgeon be aware of the danger of giving too much too fast. In 
general, one tends to operate upon the thoracoabdominal or abdominal injury 
as soon as it is felt that the patient null tolerate the procedure, in order to 
minimize the chance of peritoneal contamination. In straight thoracic cases 
the patient may be given a short time to stabilize after shock is, for the most 
part, corrected. 

Two other factors need to be mentioned in regard to resuseitative measures 
for thoracoabdominal cases. The first is the influence of disturbed cardio¬ 
respiratory physiology on the production and prolongation of shock. The sec¬ 
ond is a similar influence due to severe peritoneal or pleural cavity contamina¬ 
tion. The main causes of a disturbed cardiorespiratory balance in the recently 
injured man are as follows: the presence of blood and/or air in the pleural 
cavity with diminution of the functioning pulmonary parenchyma; the pres¬ 
ence of large, pulmonary hematomas; the splinting effect of pain from an in¬ 
jured thoracic cage; and excessive blood or mucus in the tracheobronchial air¬ 
way. All of these factors have been amply discussed previously and need not 
be dwelled upon here except to emphasize their importance in thoracoabdominal 
injuries. Their correction by thoracentesis, intercostal nerve block, and 
tracheobronchial aspiration is indicated as for the patient with only a thoracic 
wound. 2,3 

In certain thoracoabdominal cases the patient will continue to exhibit a low 
blood pressure, rapid pulse, and the associated signs of shock even after correc- 
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tlon of tlie thoracic physiology and adequate replacement therapy. Some of 
these have massive pleural or peritoneal contamination from an injured 
stomach or colon. In such instances, it may be necessary to proceed with sur¬ 
gery', as shutting off the leakage is the only way of improving their condition. 
It is the patients in this group who are the worst surgical risks and account for 
some of the operativo deaths. It was always the policy to operate upon every 
patient, no mnttQr how slight the hope of recovery. In only one instance in this 
series was operation not done because of the poor condition of the patient. 
This case has been reported in more detail elsewhere.' 

Shock therapy must be continued during and after operation. It is, there¬ 
fore, wise to insert a needle, or cannula, in the saphenous vein preoperatively, 
because it is not as likely to become dislodged by the necessary manipulations 
of the patient as if it were in a vein of the arm. 

A Levine tube for stomach decompression is best inserted soon after admis¬ 
sion ns many patients have surprising degrees of gaslric dilatation which, by 
elevating their diaphragm, further hampers adequate oxygenation. Also, the 
period of time since ingestion of food is not a good criterion of the amount of 
material in the stomach since a large residue is often present many hours after 
eating. This may be due to pylorospasm or lessened gastric motility from the 
nervous tension of battle. 

ANESTHESIA 

It is unnecessary to emphasize before this Association the importance of 
proper anesthesia by a skillful anesthetist. Endotracheal oxygen-ether by the 
closed method was our choice.' Periodic aspirations of material from the 
trachea and bronchi were essential. Positive pressure was useful to expand the 
lung periodically during operation and to encourage pulmonary expansion at 
the end of operation, especially if the thorax was closed without drainage. 

APPROACH 

In selecting the operative approach, prime consideration should be given to 
the expected intrathoracic and intra-abdominal damage. Many injuries can be 
repaired either abdominally or trausdiaphragmatically through the thorax. 
Although each case must be decided upon individually, certain factors should 
be given consideration in arriving at that decision. There are distinct advan¬ 
tages to the thoracic approach for operationa, that can be done from above. 
These can be enumerated, briefly, as follows: It facilitates repair of some 
upper abdominal organs, such as the spleen and upper portion of the afomach. 
Colostomies can be done, when indicated, through a muscle-splitting incision 
at a greater distance from the main incision than is possible through the ab¬ 
dominal exposure. Patients can be carried in a lighter plane of anesthesia, as 
abdominal relaxation is not necessary. The diaphragm can be more easily and 
satisfactorily repaired from above than from below. In patients with marked 
pleural contamination, the pleural cavity can be thoroughly washed out with 
saline solution to reduce the degree of infection. The' postoperative course 
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Surgical Group, it was found 1 that thoracoabdominal injury, either suspected 
or proved, was the most frequent indication for thoracotomy in the forward 
area. In this group 122 -thoracotomies were done for suspected thoracoab¬ 
dominal injury where no diaphragmatic lesion was discovered at operation. 
Thoracotomy for suspected thoracoabdominal injury, but none found, com¬ 
prised 28 per cent of all the thoracotomies done in the forward area by the 
group. 

PREOPERATIVE PREPARATION 

Resuscitative methods and proper preoperative care are of utmost im¬ 
portance to both the thoracic and abdominal casualty. If the Avound is a 
thoracoabdominal one, certain concessions may have to be made that are not 
ideal from one or the other viewpoints. Thoracic physiology should be re¬ 
stored to as nearly normal as possible before operation, and the length of time 
this takes, Avithin limits, is unimportant from the thoracic standpoint. Time 
is of great importance in cases with abdominal injurj\ It is, therefore, often 
necessary to treat the patient Avith a thoracoabdominal injury someAvhat differ¬ 
ently than holds for either the straight thoracic or abdominal case. Replace¬ 
ment therapy Avith blood, plasma, and electrolytes can be used quite freely for 
abdominal cases, but there is some danger of oA'erloading the already deranged 
cardiorespiratory system of the thoracic casualty. Indicated replacement 
therapy should be used, and it will be found to be indicated in practically 
every thoracoabdominal casualty. It is necessary, though, that the shock 
officer and surgeon be aAvare of the danger of giving too much too fast. In 
general, one tends to operate upon the thoracoabdominal or abdominal injury 
as soon as it is felt that the patient Avill tolerate the procedure, in order to 
minimize the chance of peritoneal contamination. In straight thoracic cases 
the patient may be given a short time to stabilize after shock is, for the most 
part, corrected. 

Two other factors need to be mentioned in regard to resuscitative measures 
for thoracoabdominal cases. The first is the influence of disturbed cardio¬ 
respiratory physiology on the production and prolongation of shock. The sec¬ 
ond is a similar influence due to severe peritoneal or pleural cavity contamina¬ 
tion. The main causes of a disturbed cardiorespiratory balance in the recent!}" 
injured man are as follows: the presence of blood and/or air in the pleural 
cavity with diminution of the functioning pulmonary parenclyma; the pres¬ 
ence of large, pulmonary hematomas; the splinting effect of pain from an in¬ 
jured thoracic cage; and excessive blood or mucus in the tracheobronchial air- 
Avay. All of these factors have been amply discussed previously and need not 
be dwelled upon here except to emphasize their importance in thoracoabdominal 
injuries. Their correction by thoracentesis, intercostal nerve block, and 
tracheobronchial aspiration is indicated as for the patient with only a thoracic 
wound. 2,3 

In certain thoracoabdominal cases the patient Avill continue to exhibit a Ioay 
blood pressure, rapid pulse, and the associated signs of shock even after corree- 
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Tattle II. Side of Injury 
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Tho different* between right- and Jcfl-wldod Injuries In the total group M) nnd the 
personal *eriefl (#) la apparent. In rlglit-Blded cases tho liver was frequently the only 
abdominal or/ran damaged. 


scries mis composed of 20 oil the right, 2f> on the left, mid 2 bilateral. Tlio 
mortality rates for tho larger group were 23.5 per cent for tlio right-sided eases, 
30.3 per cent for left-sided cases, nnd 40 per cent for the bilateral, with a 27.3 
per cent over-all rate. The corresponding figures for the personal series were 
15.0 per cent, 30.8 per cent, nnd 0.0 per cent, respectively, with a 22.9 per cent 
over-nil rate. Tho effect of multiple-organ injury is better demonstrated in 
tho larger scries than in our own because of the small number of cases in the 
latter group. As will be seen in Table III, the mortality for those with only 
one abdominal organ injured was 14.4 per cent, but this rate increased to 29.2 
per cent for two organs, nnd 58.7 per cent for threo or more organs. The 
corresponding figures for our own series were 8.3 per cent for one organ, 37.5 
per cent for two organs, nnd 40 per cent for three or more organs. 

Table IV is included to show the mortality for the different operative 
approaches. Ilowevor, it is not believed to bo of much clinical significance, as 
the operative approach is influenced by the location of the wound, or wounds. 
Consequently, moro patients with multiple abdominal-organ involvement were 
treated by the abdominal approach with the necessarily increased mortality. 

The grouped causes of death listed in Table V are of interest. It demon¬ 
strates that more patients with thoracoabdominal injuries dio of pulmonary 
complications than of abdominal difficulties. This seems to point out where 
effort can be expended most profitably to reduce tho mortality. Table VI is 
not included in an attempt to demonstrate that thoracic surgeons are better 


Table m. Ntmnrr. or Abdominal Ocoans Injubep* 
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•The mortality rate la proportional to the number of abdominal organ* Injured. Tbta 
doaa not take into account the actual number of lnteetinal perforations. (Small Intestine anti 
colon each trentotl as a single organ.) 
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qualified to treat these cases, but because wc believe it probably was due to 
greater attention to (lie pulmonary factor and resulted in the lowered mor¬ 
tality rate. 

SUMMARY 

1. Correction of cardiorespiratory inbnlnnce is the most important phase 
of preoperative preparation of ca-sunlties with thoracoabdominal injuries. 
Thoracentesis, intercostal nerve block, and maintenance of a free airway are 
the three essentials of so doing. 

2. The diagnosis of thoracoabdominal injury is often difficult if the wound 
ts in tlie region of the diaphragmatic sulci. Exploration should be done in 
any case about which there is reasonable suspicion of peritoneal as well as 
pleural involvement. 

3. Tho mortality rate in fhoraconbdominnl injuries is directly proportional 
to the severity of the wound. The rate increases progressively as the number 
of abdominal organs injnred rises. Likewise, right-sided injuries do better 
than left-sided ones,-since in the former tho liver is frequently the only ab¬ 
dominal organ involved. In the series of 903 thoracoabdominal injuries 
treated by the snrgical teams of the Second Auxiliary Surgical Group, the 
over-all mortality was 27.3 per cent For the severely wounded thoraco¬ 
abdominal casualty surviving the first postoperative day, the syndrome of 
“post-traumatic uremia” is his greatest hazard. In n personal series of forty- 
eight eases, with eleven deaths, six of the fatalities were due to this syndrome. 

4. It has boon demonstrated that moro patients with thoracoabdominal 
wounds die of pulmonary complications than succumb to complications within 
the peritoneal cavity. This indicates that reducing the incidence of pulmonary 
complications in the immediate postoperative period by careful attention to 
securing a completely expanded lung against an intact chest wall, and the 
maintenance of a free airway, should result in a lowering of the mortality rate 
for this group of casualties. 
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D1SGUB3ION 

COLONEL J AMES H. FOBSEE, Denver, Colo.—The results obtained, as reported by 
Dr. Betts, in thoracoabdominal injuries represent a remarkable achievement. This type 
of injury represents what prior to World War H had a very high mortality rating. ' Ade¬ 
quate statistical data are not available relative to the mortality rate of this type of injury 
prior to World War XL 
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In tlie history of the Medical Department of World. War Iy.the mortality rate for 
abdominal injuries is recorded ns approximately GG per cent, and it is-doubtful that thoraco¬ 
abdominal injuries had any lower mortality rate. The mortality rate of 22.9 per cent, as 
reported in the personal series by Dr. Betts, is an achievement which we all recognize ns a 
highly commendable one. 

This paper, however, represents the work and illustrates what can be accomplished by 
competently trained surgeons working in forward areas. This work represents a part of 
the work carried out by the surgicnl teams of an auxiliary surgical group functioning in 
tho most forward hospitals during a period of thirty months of overseas service. It may 
bo of interest to this organization to know the results accomplished by this group of 
surgeons. . 

In 3,325 intra-abdominal injuries treated by members of this group, the mortality rate 
was approximately 25 per cent. 

As stated by Dr. Betts, the mortality rate in 903 thoracoabdominal injuries was 
approximately 27 per cent for the entire group. 

In an experience of approximately 1,500 severe intrapleural injuries, exclusive of intra¬ 
abdominal and thoraconbdominnl injuries, the mortality rate was approximately 7 per cent. 

It is difficult to appreciate thoroughly, without firsthand experience, the difficulties 
inherent in the surgical care of such severely wounded battle casualties, and likewise to 
appreciate the hazards under which the people work who were charged with the responsibility 
for the care of these patients. 

This remarkably low mortality rate is a high tribute to medical education and the 
surgical residency system of training in this country. 

By that means we were provided with a capital stock of a very large number of com¬ 
petently trained surgeons who, using the adjuncts of anesthesiology, chemotherapy, and 
resuscitation measures, were able to achieve what heretofore had never been accomplished— 
the extremely low mortality rate in abdominal injuries and in. thoracoabdominal injuries. It 
also permitted, for the first time in the history of military surgery, the concentration of 
emphasis on the care of severely wounded or nontransportable medical casualties. Tliis had 
a tremendous effect upon the morale of the fighting troop3 in the front lines. They knew 
that if they suffered severe injuries they would have first priority in their surgical treat¬ 
ment. 

Several members of this Association actively participated in the care of these battle 
casualties in the forward areas. 

It was our good and great, fortune to have, directing the surgical efforts of these 
teams in this organization, Dr. E. D. Churchill, Consulting Surgeon of tho North African 
Theater of Operations, and lator of the Mediterranean Theater. Through his direction this 
remarkably low mortality rate was achieved. 

DR. EVARTS A. GRAHAM, St. Louis, Mo.—Dr. Betts spoke about post-traumatic 
uremia in these cases. I wonder how many of these eases represent misfortunes due to 
blood transfusion. I would like very much if he would say something about that to us. 

DR. GEORGE G. FINNEY, Baltimore, Md.—I was one of the doctors on the Oki¬ 
nawa operation. I have been very much interested in Dr. Betts’ paper, because I tried to 
follow the thoracoabdominal cases ns well as possible during the Okinawa campaign. 

Out of slightly more than 15,000 battle casualties that were taken care of in six field 
hospitals, because we did not have any evacuation hospitals available for the Okinawa opera¬ 
tion, wo had 95 true thoracoabdominal cases with nineteen deaths. 

There were two things that made an impression on me in the care of these cases. 

In tho first place, if adequate anesthesia was available, and the surgeon had had rea¬ 
sonably good training, the mortality rate was relatively low. I think too often 'the im¬ 
portant part played by anesthesia is not realized and proper credit is not given to the good 
anesthetist who understands his problem and thereby saves lives. 
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Second, tho proper use of supporting therapy cannot be overemphasized- I know that 
early in tho operation wo gnvc too much blood many times to patients with thoracic wounds, 
because in tho autopsies that were dono on eases where thero had been injury to the thorax, 
or a thoracoabdominal wound, ncnrly 00 per cent of the autopsies had very marked pul¬ 
monary edenm, nnd in relatively few cases was thero vorv much hemorrhage in tho thorax, 

I might say in reference to Dr. Graham's remark, that during the Okinawa operation 
wo gave 40,007 pints of whole Group 0 blood, without a single cross-matching. As far as 
I know, wo had only two immediate reactions that were severe enough to indicate incom¬ 
patibility of tho blood. We also had a small incidence of mild chills, and at times some 
urticaria, neither of which wns prominent. We did have n certain percentage of patients 
who died with uremia, 1 am sorry I cannot givo tho figures; I hope thoy will bo available. 
Certainly that figure as a whole wns quite loir, Bt Jonst so It impressed us. 

The only other thing I would liko to say is thnt sometimes we in tho Pacific felt that 
we were more or less stepchildren. In the Okinnwa ojwration, even though tho surgeon 
of the Tenth Army had sent in repented requests, we did not have a single thoracic surgical 
team in the operation. As n matter of fact, we hnd only three other men thnt I -could find 
besido myself, who hnd had nny particular training in thoracic surgory. 

That, of course, wns an unfortunntc thing, particularly when it is renllxod that there 
were 31,400 battle casualties among ground forces in that operation. 

I am not saying that in nny spirit of criticism, but it is something we ought to think 
about. We hope there will bo no future need for it, but the proper use of specialists, when 
they arc available, is something thnt merits due consideration from those in authority. 

COLONEL FRANK B. BERRY, New York, N. Y.—I had the privilege of being asso¬ 
ciated with the Soeond Auxiliary Surgical Group, first ns the Chief Surgeon of an Evacua¬ 
tion Hospital, and, second, ns tho Consulting Surgeon of nn army. 

In going over tho record of the Seventh Army, we annJyxed 55,000 battle casualties. 
That does not include quite oil the casualties, because there were about 5,000 more, but they 
are the ones upon which we had accurate statistics. 

Thoracoabdominal wounds comprised 0.8 per cent of that group. To show how they 
wore distributed, in the field hospitals thoracoabdominal cases comprised 5.3 per eent of 
the admissions, and in the evacuation hospitals 0.4 per cent. The evacuation hospitals were 
located at times within one-quarter mile of the field hospitals. At other times they might be 
five to ten or, in the later days of the campaign, when the final pursuit mis on, twenty-fire 
or thirty miles to the rear. 

Our total mortality for this group of patients wns 21.7 per cent: the field hospital 
mortality wns 20.5 per cent, and the evacuation hospital mortality, naturally lower, 16.2 
per cent. 

In regard to the mlsmatcllings on the blood transfusions that Dr. Gralmm spoke of, if 
Dr, Churchill is here, he ean tell more about tho Mediterranean Theator tlian I can. Oar 
resuscitation and blood transfusion therapy followed the directives of Dr. Churchill. It was 
probably, without question, the best system of blood collection and transfusion that was 
planned for the entire United States Army. In the initial stages, nnd as long as blood was 
supplied within the theater, we had only low titer “O’’ blood, which is an important dis¬ 
tinction from just “O" type of blood, which includes also tho high titer. 

With the rare exception of times when patients were in such severe degree of shock 
that they needed blood immediately, cross-matching was done for all patients, both In the 
field and in the evacuation hospitals. Cross-matching in the field hospitals continued with 
each succeeding transfusion after the initial transfusion. 

I know that the blood, before it was taken, wns all grouped and again tested from 
the bottles before they were sent ant In all cases, therefore, there was a double check 
and in some cases n triple check before the blood was given. 

The only trouble we had with the blood was with a small amount furnished us .from a 
collecting station near Paris, and some of the Red Cross blood coining to us from the States,•’ 
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which had not been refrigerated at first and which came to us in large amounts. This waB 
also given in some instances without proper cross-matching. 

I agree with the work of Van Slyke, Richards, Homer Smith, and Evans that the kid¬ 
ney is one of the more sensitive organs and responds very quickly to anoxia brought about 
by shock, and that a great majority of the cases of anuria were due rather to the injury 
and a very small percentage to transfusions. 

DR. MARK H. WILLIAMS, Binghamton, N. Y.—Dr. Betts has made a valuable con¬ 
tribution to this subject. I would like to say a few words about an experience with an¬ 
other Surgical Group in a different Army in the same theater. 

(Slide.) Here are thirty-three thoracoabdominal wounds. It will be noted that the 
right-sided cases outnumber the left by about two to one. In one there was a tangential 
wound; the missile entered the abdomen on the left, crossed to the right, and penetrated 
the right leaf of the diaphragm. 

The operative approach is about equally devided between laparotomy and thoracotomy. 
Early we used a thoracotomy approach by preference for right-sided cases and later came 
to prefer the same approach for the left-sided cases also. 

The mortality rate is low, largely due to the preponderance of right-sided cases and 
also because among these we had several which were comparativdy minor injuries. You 
will note that bettor than one-half of the total mortality occurred in the left-sided cases 
which comprise approximately one-third of the entire group. 

Ono word about anuria. We had our largest number of cases of anuria during a period 
of cold weather. Of courso it may have been a coincidence but many of us in the Third 
Auxiliary Surgical Group gained the impression that prolonged exposure to cold and delay 
in instituting blood replacement was an important factor. 

DR. EMILE HOLMAN, San Francisco, Calif.-—One episode may give us aomo infor¬ 
mation about the anuria. A patient who died thirty-six hours after operation and had ade¬ 
quate studies made, showed a hemoglobinuria in the few ounces of urine passed after the 
operation, and at autopsy the kidney tubules were found to be filled with hemoglobin 
casts. It was an obstructive phenomenon -in the kidney rather than injury to the kidney 
itself. The hemoglobinuria and the hemoglobin casts were considered to be due to hemol¬ 
ysis of the transfused blood. 

DR. ROBERT R. SHAW, Dallas, Texas.—Just a word about the late complications 
of these wounds. In working in a chest center in Paris, where I had the opportunity to 
see these patients roughly ten days to twenty days following the initial wounding and 
initial surgery, I saw forty-four patients who had complications following surgery for 
thoracoabdominal wounds. These complications were uniformly light suppurative. 

As Dr. Betts has indicated, the mortality of the wound on the left side is higher than 
that on the right. However, the complications are much more prevalent on the right than 
on the left. 

In the group of forty-four cases there were thirty-eight right-sided cases and only 
six left-sided cases. The higher mortality was due primarily to faulty handling of drainage 
from the damaged liver, which is a point that I think should be brought out. Where no 
drainage was instituted, or where only a very small stab wound was used subcostally to drain 
the damaged liver, these patients almost invariably excreted bile beneath the diaphragm 
wliich would break down the diaphragmatic repair and cause bile pleuritis. This, although 
it was not a great mortality factor (there were only two deaths in this group of forty-four) 
did constitute a large morbidity factor because it was sometimes very difficult to clear up 
this bile pleuritis. It alm ost invariably necessitated an open thoracotomy with decorti¬ 
cation and another repair of the diaphragm with a better drainage of the damaged liver 
from below. 

The left-sided complications were sometimes rather bizarre. In one case a soldier with 
nn ' unrecognized congenital diaphragmatic hernia was wounded through the chest, so that the 
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colon was perforated and he developed n very neat colostomy. Three days later feces were 
pouring out through a broken-down thoracotomy wound. His case was a complicated one 
that took considerable surgory, bofore he wos finally restored to normal. 

Two coses had gastroplcural fistulas, rather wide-open fistula, in which the ropair of 
tlio stomach had broken down and also broken down the diaphragmatic repair. These were 
difficult, because the skin beenmo badly excoriated from tho Irritating gastric secretions. 

Tho mortality rato of the complications wns low. However, they were a rather sig¬ 
nificant group in tho patients seen in tho chest centers behind tho lines. 

DR. A. L. LOCKWOOD, East Toronto, Ontario.—May I ask Dr. Betts just two ques¬ 
tions? Could he give us any idea of the percentage of these wounds that were shrapnel 
rifio bullet or mnchlno gun, and whether or not the use of sulfonamide drugs had anything 
to do with uremia? 

DR. EDWARD D. CHURCHILL, Boston, Moss.—I wish to comment on the deaths 
in battle casualties accompanied or caused by renal failure. Dr. Graham has asked a very 
pertinent question, which we asked ourselves many, many times. Just how often was blood 
transfusion responsible? 

Tho story of transfusion in an ovorseos theater is a simple one. Wo found oursolves 
in North Africa fighting the war with plasma, and no facilities beyond Erlenmcyer flasks 
and sodium citrate for transfusion. 

The surgeons working in the forward area were up against it. Their personal diaries, 
some of which I Imve had the privilege of reviewing recently, repeat and repeat the desper¬ 
ate need of whole blood. Stories arc recorded in these diaries of the surgeons themselves, 
after operating upon a patient, giving their own blood to pull their patients through. Now, 
that obviously could not go on. We had to havo blood. This was in 1943. At that timo we 
w£re isolated in the center of tho Mediterranean. There was no possibility of obtaining 
wholo blood from tho United States, so we proceeded to plan our own blood bank system. 

We did that in two pliascs, as it was necessary to wait for refrigeration equipment to 
be shipped. It sounds simple, but it takes at least six months to get supplies from the 
United States into distribution in an overseas theater. 

.. For a while the evacuation hospitals organised their own banks, securing donors from 
nearby servico orgnnixations or the lightly wounded. That left the fleld hospitals, with 

surgical teams, out of the picture as theso light mobile units had neither the personnel nor 

the equipment to run blood banks. Also, their only source of donors could, be combat 

troops. Yet they needed blood moat desperately for the seriously wounded, including such 
cases as thoracoabdominal injuries. 

Whon supplies wero received it was possible to organize a largo blood bank and a 
distributing system that supplied the fleld hospitals completely, and, in addition, materially 
lightened the load of the evacuation hospitals. 

In early February, 1944, the blood bonk in Naples started its work. More elaborate 
safeguards were imposed on tho processing of the blood than are customary in civilian 
hospitals. A seven-day time limit was set on preserved blood. Sodium citrate and glucose 
were used as the preservative and special precautions wore taken to keep the blood at 
the proper reduced temperature from the time of drawing to the moment of use. Under 
these conditions the blood wns os perfectly preserved as with the ACD solution Inter 
proposed by the National Research Council. 

“O” blood was tested for its isoogglntinln titer and that with titer above 1:64' 
wns used only for “0”-type recipients. Universal donor blood was therefore “O” type with 
low isoagglutinin titer. 

Cross-matching was demanded as a further safeguard. I trust that you will take 
the remark of Dr. Finney as an indication of the urgency of the situation he was facing, 
because I am sure that he would be the last one to recommend that a large number of 
tr ans fusions, or even a single transfusion, should be given without cross-matching. That 
we insisted upon. 
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To interpret the case of a patient with anuria, blood given in transfusion must be, like 
Caesar’s wife, completely above suspicion. It must be compatible both in type and isoagglu¬ 
tinin titer. It must be preserved by constant refrigeration. It must be collected and stored 
in a closed system to avoid contamination. In military operations frequent checks must 
be made on free hemoglobin content both at the bank, in the forward hospital, and by 
examination of recipient’s plasma after transfusion. 

It is our belief that we have observed a sufficient number of wounded with anuria 
to establish the condition ns an entity not caused by transfusion. 

It is premature to speculate on the etiology of the anuria of the seriously wounded 
or assign this or that factor as the cause. It appears wise at this moment to refer to it 
as pigment nephropathy. Whether it is obstructive, as Dr. Holman says, is questionable. 
Probably there is more to it than simple obstruction of the tubules by pigment. 'Whether 
it is caused by the anoxia to which the kidney is exposed during a prolonged period of 
shock, as Dr. Berry suggested, based on the work of Van Slyke, is again open to question. 
The diffuse cortical necrosis of the kidney following experimental occlusion of a renal artery 
appears to differ microscopically from the condition under discussion. 

Material and data have been collected in the combat area and are still under study. 
Opinions should be reserved until facts based on observational data are available. 

In the meantime, I am perfectly aware, and I am sure Dr. Graham is aware, that 
misleading case histories are being reported in the literature. All one has to do is to 
read the evidence and say, “In this case they have not excluded the possibility of incom¬ 
patible blood transfusion or transfusion with poorly preserved blood.” There are many 
of these cases already recorded in the literature. 

It does seem quite clear that Bywater’s work on myoglobulin pigment, in so far 
as it pertains to the crush syndrome, is probably correct. In the other group, the men 
with extensive woundp without crush, we are not yet prepared to say that the pigment 
is entirely myoglobulin, or whether focal injury in the kidney resulting from shock is 
responsible for the pigment localizing in that particular portion of the tubule. 

More experimental study will probably be necessary before a solution is found. 

DR. REEVE H. BETTS, Boston, Mass.—I am in complete agreement with prac¬ 
tically everything that has been said, and many of the points would have been mentioned 
originally if time had permitted. I will answer only one or two specific questions. 

Dr. Churchill has covered more adequately than I can the question raised by Dr. 
Graham concerning the post-traumatic uremias. We were fortunate in the Mediterranean 
theater in having most of our pathology under the direction of Colonel Mallory, who made 
some careful observations in the field on these patients both before and after their fatal 
termination. 

Regarding Dr. Lockwood's question, I cannot give the exact figures, but shrapnel 
or high-explosive shell fragments accounted for approximately 75 per cent of the injuries 
and bullets for only about 20 to 25 per cent. 

Sulfanilamide was used routinely in the treatment of all wounds in the forward 
areas early in the campaign. Late, after penicillin became available, the use of sulfa¬ 
nilamide was at the discretion of the surgeon. 

In regard to giving transfusions without cross-matching, Dr. Berry has already 
indicated our practice in this regard. If the patient was in severe shock and we believed 
added risk was entailed by waiting for a cross-matching before transfusion, one or some¬ 
times two transfusions were given while the laboratory was typing and cross-matching. 
In most instances, by the time 500 or 1,000 c.c. had been administered, cross-matched blood 
was available for any further needs of the patient. 



ARTERIAL, INJURIES OF THE THORAX 


Herbert D. Adams, M.D. 

Boston, Mass. 

I N THE cnre of large numbers of major casualties among marine and nnval 
personnel from the Gilberts, the Marshalls, the Marianna, I wo Jima and 
Okinawa campaigns, many complicated and interesting types of injuries were 
encountered. Among tho most serious injuries were those of tho major arteries, 
the so-called false aneurysms and arteriovenous aneurysms, or a combination of 
both. Technically the surgical management of some of the moro proximal 
nrterinl injuries was undoubtedly one of the most hazardous und difficult opera¬ 
tions in war surgery. Those in the extremities distal enough so that a tourniquet 
could he used and a direct dissection done in a bloodless field wore relatively 
simple. Those injuries located in the groin, the abdomen, the neck, shoulder, and 
chest, however, required an entirely different npproaeh and surgical management 
if the patients were to survive their operations. This was particularly true of the 
arterial injuries of the thorax, with its close anatomic relationships and difficulty 
of obtaining wide and easy exposure. 

Wonnds of the thorax, whether due to fragments, bullets, bayonets, or knives, 
either major or minor, have the serious jmtentiality of an injury to one of the 
many arteries, both superficial and deeply located in the thorax. It is difficult 
to estimato the incidence of this type of injury since most of those wounds were 
undoubtedly immediately fatal. This is duo to the fact that a tourniquet could 
not be used and, likewise, adequate pressure control was rarely instantly avail¬ 
able or possible. This type of injury, however, was certainly not always fatal 
because some of these patients reached base hospitals at considerable distances 
for definitive treatment. The hemorrhage was at least temporarily controlled by 
infiltration of tho surrounding muscles and tissues, with a resulting pulsating 
hematoma or false aneurysm. 

Tho diagnosis was frequently missed because of the insignificance of the 
external wound and the lack of obvious extensive infiltration or hematoma, or 
visible or palpable pulsation. Jinny were not diagnosed until an episode of 
serious secondary hemorrhage occurred. It beenmo absolutely essential that 
every wound in this region be examined specifically for evidence of arterial 
injury, especially by auscultation for the presence of a bruit. Because of the 
serious nature of tho operation necessary to cure this type of injury, surgery 
should be withhold long enough to insure a reasonably certain diagnosis, ruling 
out bruits resulting from extrinsic infiltration and pressure on the artery, and 
also functional bruits. Operation should not bo delayed long, however, in order- 
to avoid serious secondary hemorrhages and pressure atrophy of nerves and 
muscles, with the associated great loss of function. 


From the Department of Sure cry, the Lahey Clinic. 

5 ea^ fhv Ctle! at Twentv-tfxth AnnrrO of The American AasocUOon for 

c Suryery, Detroit, MIclu May 29, 30, and 21, 1146. 
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MANAGEMENT AND TREATMENT OF SPECIFIC ARTERIES 

The Mammary and Intercostal Arteries. —Injuries of the mammary and 
intercostal arteries were of two general types, (1) false aneurysms with sub- 
pleural hematoma and infiltration, with delayed external secondary hemorrhage, 
and (2) those associated with a pleural laceration and continued intrapleural 
hemorrhage. This latter injury produced sjmptoms and signs of an increasing 
intrapleural pressure and mediastinal shift which progressed until death ensued 
in spite of oxygen and thoracentesis unless the chest wall artery was ligated. 
This is in direct contrast to hemothorax due to lung injury which was usually 
controlled by the pulmonary tamponade from the associated hemothorax. Mas¬ 
sive external secondary hemorrhage and signs of uncontrollable, progressive, 
intrapleural hemothorax demand immediate exploration of the wound and careful 
ligation of the mammary and intercostal arteries involved. This could not be 
done satisfactorily or effectively except by partial removal of the costal cartilages 
or ribs in this region. The operation is relatively simple and no patient should 
be allowed to die from this type of injury. 

The Axillary Artery. —Since the axillary artery is superficial, there was 
usually a pulsating mass and the bruit was quite obvious both by palpation and 
auscultation. These wounds were usually associated with signs of nerve injury 
due either to direct injury of the axillary eords by the same missile as that which 
produced the arterial injury or to the associated infiltration and pressure of the 
hematoma. Even though the external wound was frequently very small; the 
danger of secondary hemorrhage was great in this type of wound and these 
patients should be operated upon at once. In order to do this type of operation 
safely, it is essential to have a fully equipped operating room, a trained anes¬ 
thetist, adequate assistants, and continuous transfusions throughout the proce¬ 
dure. It was found best to start the operation by tying cannulas in the ankle 
veins of both legs so that if one transfusion should plug up at a crucial time dur¬ 
ing the operation, the other would carry on satisfactorily, or if a very severe 
hemorrhage was encountered, both could be run in as rapidly as possible. 

The general principle of approach to this type of injury was to avoid enter¬ 
ing the false aneurysm at any point before the major artery and vein, both 
proximal and distal to the injury, and all significant branches entering into this 
section of the injured vessel were fully controlled. This was accomplished by a 
complete and accurate exposure of these vessels proximal and distal to the infil¬ 
trated area of the false aneurysm and control of the flow through these vessels 
by tension on small soft catheters placed around these vessels. The vessels were 
then further exposed until finally the false aneurysmal sac was entered and the 
actual injury to the artery visualized. Even with full control of the injured 
major artery and vein both proximal and distal to this area and all major en¬ 
tering branches to this area, there was still a very rapid flow of blood from the 
injured area into the sac. The artery and vein were then ligated carefully, both 
distal and proximal to the injury, and the injured area was excised, carefully 
preserving for collateral circulation all branches which did not immediately 
enter into the area to be excised. 
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For the axillary injuries, the approach was through an incision from the 
middlo third of the clavicle across the pectoral rogion to the axilla (Fig. 1). 
Usually the pectoral muscle was so infiltrated with hematoma and so indurated 
that simply splitting the fibors would not have given adequate exposure of the 
vessels proximal to the in jury without inadvertently opening the false aneurysm, 
which would immediately prove fatal. Adequnto exposure could be obtained 
only by sectioning tho pectoralis major in its tendinous insertion on the humerus, 



Fie. 1.—Ripoiur# of tho axillary aneuryem, and approach and control of the axillary Yerael* ■ 
Insert ahowa line of Inclalon. 


and turning it back, giving a full exposure of the nxillary contents. The artery 
and vein were then isolated carefully just below the clavicle and catheters passed 
around these structures for tourniquet action. These vessels were then likewise 
isolated distal to the false aneurysm, usually at the margin of the s-rill^ ^ 
catheters passed around the vessels at this point. The pectoralis minor was then 
sectioned and turned downward, giving a complete exposure of the axillary 
vessels. A gradual dissection and development of the vessels was then carried 
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out both from above and below, carefully isolating and preserving the axillary 
cords which are in close contact with the vessels. Finally, the neck of the 
false aneurysmal sac was encountered and it was then necessary to open the 
sac and accept a certain amount of rather brisk .hemorrhage while the remainder 
of the artery was isolated and the ligation carried out both distal and proximal 
to the laceration, and the injured area excised. 

In many instances the vein was involved and there was an arteriovenous 
aneurysm in addition to the false arterial aneurysm. In those cases it was abso¬ 
lutely essential that the vein be excised as well, but this is equally important 
in those cases in which the vein is not involved, since this procedure facilitates 
the circulatory adjustment following the ligation of the artery. No attempt 
was made at this operation to suture lacerated or injured axillary nerve cords. 
The peetoralis major muscle tendon was then reunited with silk sutures and the 
wound closed, draining the wound with a small Penrose drain. 



Fie. 2.—False aneurysm In conjunction with arteriovenous aneurysm of the subclavian vessels; 
venogram showing: block of the vein at the site of injury. 

The Subclavian Artery .—Injury to the subclavian artery was quite similar 
in many ways and in diagnostic findings to the injuries of the axillary artery. 
Being more deeply seated, the external infiltration and hematoma were much 
less obvious and the diagnosis was made chiefly by the presence of a bruit. This 
was a rough bruit throughout systole or during the entire cardiac cycle if com¬ 
bined with an arteriovenous aneurysm. It was a common finding in both the 
axillary and subclavian arteries to have not only a false aneurysm but an 
arteriovenous aneurysm as well. This added complication of the arterial in¬ 
jury could often be diagnosed by an increase in the venous pressure in the arm 
involved, and the venograms were most characteristic (Fig. 2). 
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Functional bruits are fairly common in this region and must' bo distin¬ 
guished carefully. This can he done by examining the patient frequently over 
a period of time. A functional bruit will vary considerably from examination 
to examination and also in relation to the position of the patient and the posi¬ 
tion of the extremity. Likewise, simple compression from external pressure and 
infiltration about the artery may produce a bruit. It is, again, essential to dis¬ 
tinguish, if possible, between compression and the true lacerated vessel with a 
false sac, in which surgery is essential to effect a cure. If there was any question 
regarding the diagnosis of the type of bruit henrd, that is, whether it was duo 
to a falso aneurysm or to a combination with an arteriovenous aneuiysro, or 
whether it was due to externnl pressure or a functional bruit, it was usually 
safe to keep these patients in bed under observation, and as long as there were 
no signs or symptoms of further infiltration or cardiac damage, a careful period 
of observation could be carried out. The functional bruits could be ruled out 
by their inconstant nature; the limits due to pressure gradually decreased in 
intensity ns the external signs of infiltration diminished and the patient im¬ 
proved. 

Although the false aneurysms and arteriovenous aneurysms of the sub¬ 
clavian artery were most hazardous surgical problems, the same general prin¬ 
ciples of approach applied as described under the procedure for axillary arterial 
injuries. It was essential first to make a low cervical incision above the medial 
end of the clavicle (Fig. 3). The lateral clavicular insertions of the sterno- 
mastoid muscle were cut, the carotid sheath and its contents retracted medially, 
the scalenus anticus muscle was exposed, and the phrenic nerve freed and re¬ 
tracted medially. The scalenus musclo was then cut, the subclavian artery ex¬ 
posed, and a catheter passed around it for tourniquet action. Connecting this 
incision, a diagonal incision was then made across the pectoral region similar to 
that for an axillary exposure except that the pectoral muscles wore split for 
exposure of the axillary vessels immediately below the clavicle and catheters 
passed around them for control. Tho clavicle was then cut across and the ends 
retracted, giving a wide exposure of tho injured area. Dissection of the sub¬ 
clavian vessels was then carefully carried out in both directions until the neck 
of the sac of the false aneurysm was isolated and entered, here again accepting 
considerable bleeding in tho final identification of the actual opening in the 
artery. Tho artery and vein were then ligated proximal and distal to this 
laceration and the injured area excised. 

The brachial cords were, of course, closely associated with the aneurysmal 
sac and the missile had often done direct damage to these nerves and furthor 
damage could be demonstrated from direct pressure and the infiltration of these 
trunks. It was necessary to isolate them carefully and produce no operative 
trauma to these cords, but no attempt was made to suture any of the cords that 
were found injured. The clavicle was then wired together and the wound closed, 
draining the wound with a simple Penrose drain. 

The Innominate Artery .—The diagnosis was made primarily on the basis 
of a bruit and roentgenologic findings of infiltration of the superior medias- 
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the entire superior mediastinum and the arch of the aorta. The innominate 
arteiy was isolated at its origin from the arch of the. aorta and a catheter passed 
around it for tourniquet action. The innominate vein also was isolated and con¬ 
trolled in a similar way. Just heyond the bifurcation of the innominate vessels, 
the subclavian and the common carotid arteries and their associated veins were 
isolated and likewise controlled with catheters. Finally, with full control both 
proximally and distally by means of traction on the catheters, the aneurysmal 
sac was isolated and the injured section of the arteiy excised after careful liga¬ 
tion both proximal and distal to the laceration. The manubrium was then wired 
together and the superior mediastinum drained with a simple Penrose drain. 

SUMMARY AND RESULTS 

There were fourteen cases of false aneurysm, many in combination with 
arteriovenous communications as well—six axillary, six subclavian, and two 
innominate. There were no deaths or complications aside from occasional swell¬ 
ing and weakness of the upper extremity. No amputations were necessary and 
no treatment was required for any unusual circulatory disturbance in this re¬ 
spect, The patients recovered rapidly. Return of function of the upper extrem¬ 
ity was variable, depending on the degree of the original associated nerve and 
muscle damage. The lack of circulatory complications was undoubtedly the re¬ 
sult of the age of these patients and most probably this procedure could not 
be done in an older group of patients -without more serious circulatory complica¬ 
tions. 


Erratum 

On page 290 of the August, 1946, issue, the article “Esophagotracheal Fistula Due to 
Nonpenetrating Crushing Injury' 1 by Commander Herbert D. Adams and Commander Eoy 
E. Mabley, Medical Corps, U.S.N.E., the name of the second author should be spelled 
Mabrey. 
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From the Preface 

P NEUMOPERITONEUM as a therapeutic procedure has been known to the medical 
profession for over fifty years. In the early days of Its employment it was used in 
the treatment of tuberculous peritonitis only. From this modest beginning its 
clinical application has been gradually expanding, as explained In the chapter. Historical 
Review. 


Daring the past decade therapeutic pneumoporitoneum lias been gaining a gradually 
Increasing recognition and acceptance. Encouraging reports have been published 
in the medical literature on Its value in the treatment of emphysema, bronchial asthma, 
pulmonary nbsecss, pulmonary hemorrhage, and particularly on its employment in the 
treatment of tuberculous peritonitis and enterocolitis, and of pulmonary tuberculosis. 
Furthermore, satisfactory observations have been reported with this treatment in the 
management of n number of other conditions which ore discussed In detail in the 
chapter on the miscellaneous applications of this method. 

Pneumoperitoneum is a teclinlcally simple and safe procedure. Every physician with 
average manual dextority should bo able to give this treatment. As n matter of fact, 
it has been proposed, and I believo justly so, that pneumoperitoneum treatment of 
ambulatory patients should lie carried out by general practitioners whenever given 
circumstances so require. 1 maintain that reading over carefully the outlines of its 
technique should enable one to give pneumoperitoneum vrithout any difficulty. 

A rapid increase in the therapeutic use of pneumoperitoneum Is attested by numerous 
report* published on the subject during the post decade. These include communica¬ 
tions from widespread parts of this country as well as from South and Central America, 
Europe, and Asia, 
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Twas the night before Christmas, 

and ail through the land 

was the Spirit of Giving a Helping Hand 


i 



The Christmas Seal Stamps had been sent out with care. 
In the hope that your help very soon would be there. 

We sick ones were tucked in our hospital beds. 

While visions of healthiness danced in our heads. 

And our doctor in shirt sleeves and nurse in her cap 
Had just closed their eyes for a much-needed nap, 

When out of the night there arose such a clatter 
God had to look down to see what was the matter. 

From clinic to clinic, the news spread like a flash) 

"All Christmas Seal Stamps have been turned into cashT 
And each cough-shattered chest and pain-ridden brow 
Was less tortured, less shattered, less feverish now. 

For all generous hearts had answered the call 
By giving the greatest gift of all.* 

More rapid than heartbeats, your Christmas gifts came. 
And we wept and we blessed every unsigned name 
There were nickels and dimes piled high as hills. 

There were quarters, half-dollars, and folded bills— 

A ONE. a FIVE, a TEN, a TWENTY, 

Fifties and hundreds and thousands a-plenty. 

And then, in a twinkling, it all became clear 
What good would be done with it all, next year. 

-There’d be funds for research and the quick diagnosis 
To prevent and control tuberculosis. 

-Case-finding clinics for constant inspections 
To cut down the rate and the root of infections. 
—Vocational counselling to guide us back 
And keep us on the healthy track. 

So we closed our eyes with a grateful smile. 

And slept and dreamed for a little while. 

And God, whose job it is to nurse 
A sick and ailing universe, 

Thoughtfully nodded His kindly head 
Then, in His voice of mercy said, 

"Blessings on this freely-given wealth. 

Merry Christmas to all and to all...GOOD HEALTH." 

*TH£ GREATEST GIFT OF ALL IS HEALTH 

BUY CHRISTMAS SEALS 

AND HELP STAMP OUT TUBERCULOSIS 


Because of the Importance of the above 
message, this space has been contributed by 
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your contribution J]il 

may help bay an X-ray unit ... ' • t .1 

train a TB nnrsc .. . finance the ?* ”— 

rehahilitation of a patient ... or underwrite 

laboratory- research ... some of the many ways TT>TTT/ r 

Christmas Seal funds fight tuberculosis _£J|J J_ 

the year round. - . 

These methods have helped cut the death ^UXJTC^lVJ A C 
rate by 75% since 1907. But TB still kills XliJ_rx.O 
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INTRACAVITARY (MONALDI) SUCTION 

Jerome R. Head, SID. 

Chicago, III. 

TNTRACAVITARY suction (Monnidi) hns been employed at the Edward Snna- 
1 torium for the past three years. During this time it has come to occupy a 
definite and important placo in tiro treatment of pulmonary tuberculosis. The 
early hope that it would prove an easy way of closing cavities and would there¬ 
fore supplant some of the older forms of therapy has not been fulfilled. The 
difficulty in establishing it in small cavities, its uncertainty, and the long period 
which it must be continued have limited its use to those patients who, because of 
low vital capacity, cannot bo treated by pneumothorax, thoracoplasty, or extra- 
ploural collapse. In these rather conmion cases in which no other form of treat¬ 
ment is possible it offers a possiblo means of arresting the disease. It is also 
used occasionally to reduce the sire of extremely large cavities so the thoraco¬ 
plasty will be more likely to close them. 

Because the method is relatively' now and is not widely used it seems ad¬ 
visable to describe the technique in detail and to present a brief summary of 
each case in which it 1ms been used. 


THE TECHNIQUE 


When the procedure was first used it was assumed that if no free pleural 
space could be found with the pneumothorax needlo at tho site chosen for drain¬ 
age, adhesions were present and the trocar could be inserted safely. In two 
of the early' cases this assumption proved to be incorrect and tho cathotcr was 
inserted through a free pleura. A fatal empyema with bronchial fistula re¬ 
sulted, Since that time the operation has been performed in two or three stages. 


Hoad at the Twenty-fifth Annual Mooting of the American Association for Thoracic 
Surgery. Chicago. HI.. Mav 0 and 0. 1W4. 

Editor** No to; Apologle* arc due to Dr. Head and the various discusser* for the long 
domj' in publishing thin paper and the discussions. The paper was part of a symposium of 
which the leading paper was by Dr. H. McLLcod Higgins on '’Studies of the Pathogenesis, 
Dynamics and Closure of Tension Cavities.” Repeated efforts havo been made In vain to 
obtain Dr. Riggins’ manuscript Finally, it has boen decided to publish Dr. Head’s paper 
.II 1 1 .. e . discussions of the symposium. Dr, Arthur Vlneberg'a presentation was a motion pic¬ 
ture without a manuscript 
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At the first stage the pleura is explored through a small intercostal incision, if 
the catheter is to be inserted from in front, or by resection of a small piece of 
rib, if the catheter Is to he inserted from the back. If adhesions are found the 
wound is sutured and the catheter inserted one or two weeks later. A small 
amount of lipiodol or a small metal clip is left at the level of the pleura so 
that on subsequent x-rays the relation of the proposed site of entrance to 
the cavity can be determined. If a free pleura is encountered the pleura is 
opened and a small iodoform gauze pack is inserted just to the level of the pleura. 
A metal clip is attached to this for the purpose of location b 3 r x-ray and the 
wound is sutured. Ten days or two weeks later the pack is removed and the 
presence of adhesions verified. The wound is again sutured and one week 
later the catheter is inserted. Until fairly recently the catheter was inserted 
at the time of removal of the pack and was brought out through a small stab 
wound just below the incision. So commonly this resulted in infection and 
opening of the incision that the third stage was adopted. 

The cavity is located first on both anteroposterior and lateral x-rays. Most 
apical cavities are best approached from in front through the first interspace. 
Small ones located posteriorly can be entered most easily from behind. Cavities 
located elsewhere than in the apex are approached directly at the point where 
they are nearest to the chest wall. 

Placing of the catheter requires extreme care. The cavity is located first 
by exploratory aspiration with a long 19 gauge needle. This is attached to a 
20 c.c. syringe. The point of the needle can be assumed to be in the cavity when 
air or pus can be freely aspirated. The depth of the cavity is then noted and 
marked on the cannula which is the type used in draining the gall bladder and 
of a size to admit a No. 14 French catheter. The trocar and cannula are then 
inserted in the deteimined direction to the determined depth and the catheter 
put in place. This is at first put in farther than is necessary and then, when 
the cannula has been withdrawn, is pulled out until a mark, so placed on it that 
the tip will be about one inch within the cavity, appeal’s at the skin. 

It is extremely important that the tube be fixed firmly in place by an air¬ 
tight adhesive dressing and that great cai’c be taken that it is not pulled out, 
but that the mark on the catheter be kept always at the level of the skin. 

Continuous suction is maintained through a bottle trap by a small electric 
pump (Stedman). This is kept up for from six to ten months. The catheter 
is then left in place and open for another month. If the cavity reopens, suction 
is again applied. If it remains closed, the tube is removed. 

RESULTS 

During the past three years 29 patients have been treated by this method. 
Of these, 16 are still living and 13 are dead. For the most part the procedure 
was used as a last resort in desperate cases in which the patient had too ex¬ 
tensive involvement and too little vital capacity to permit of any other form of 
collapse therapy—a group in which a fatal outcome seemed almost certain and 
any recoveries could be classed as pure gain. 

The causes of death in the 13 patients who died Avere as listed in Table I. 

The extent of cavity closure in those who died was as shown in Table II. 
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_ PAUSES _ NUMBER 

Empyema with broneWl fistula 2 

Hemorrhage from tho treated cavity with extensive erpUI 1 

Tuberculous meningitis 1 

Normal progression of extensive soft tuberculosis 6 

Tuberculous enteritis and laryngitis 8 

Cnrdloc decompensation _ 1 


Table II. Extent of Cavity Closure 


' EXTENT NUMBER 

Closed " r 3 

Greatly decreased in size 7 

Unaffected 8 


Table III. Results in Living Patients 


RESULT NUMBER 

Cavity closed; sputum negative 7 

Treated cavity closed; patient greatly improved 0 

Cavity reopened after thoracoplasty 1 

Cavity decreased in size, homorrhago, worse 1 

Unimproved with poor prognosis 1 


In tho 1G pationts who nro alive the results are as shown in Table HI. 

Of the 29 patients, 22 had too extensive disease and too little vital capacity 
to permit of any other form of treatment. Without direot. treatment of the 
canty the prognosis was hopeless. 

The results in these 22 cases aro as shown in Table IV. 


Table IV. Results is Twenty-two Patients With Extensive Disease 


RESULT* 

number 

Well 

5 

Greatly improved 

n 

Greatly Improved; died of cardiac failure 

1 

Died of progression of tuberculosis in other lung areas 

i 

Died of enteritis and laryngitis 


Died as a result of treatment 

2 

Alive; worse 

1 

Alive; unimproved 

1 

Totnl 

22 


In 7 of the early cases the procedure was used in pationts who might hnve 
been treated otherwise. The results in these aro as shown in Table V. 

At first there seemed reason to hope that in pntients with extensive soft 
tuberculosis, closure of the cavities would be followed by healing of the un- 


Table V. Results in Seven Early Cases 


RESULTS 

NUMBER 

Well 

2 

Cavity reopened after thoracoplasty 

1 

Died as result of treatment 


Died of progression of tuberculosis 

1 

Died of tuberculous enteritis 

1 
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excavated lesions. This hope has not been fulfilled. In nearly every instance 
the cavity closed or became smaller but the other lesions progressed, and after 
stopping the suction the cavities reopened and enlarged. 

CONCLUSIONS 

From the foregoing recounted experience the following conclusions are 
suggested : 

1. Intracavitary suction should never be used when any other form of treat¬ 
ment is applicable. 

2. It is indicated for quiescent cavities of relatively long standing which 
are not surrounded by soft active disease in patients in ivhom low vital capacity 
precludes the use of other measures. 

•3. It is of value in reducing the size of extremely large excavations as a pre¬ 
liminary to thoracoplasty. 

DISCUSSION ON “STUDIES OF THE PATHOGENESIS, DYNAMICS AND CLOSURE OF TENSION 
CAVITIES'’ BY DR. MCLEOD RIGGINS; “THE DETERMINATION AND TREATMENT 
OF PRESSURE CAVITIES IN PULMONARY TUBERCULOSIS ’ ’ BY DR. ARTHUR 
VTNEBERG; AND “INTRACAVITARY (MONALDl) SUCTION” 

BY DR. JEROME R. HEAD 

DR. JOHN ALEXANDER, Ann Arbor, Mich.—Dr. Riggins and Dr. Gearhart have added 
important and much-needed fundamental information about the still somewhat obscure matter 
of tension cavities. The application of this information to the therapeutic management of 
our patients is especially difficult because of the many variable factors that are involved. Eor 
oxample, the dramatically successful treatment reported by Dr. Riggins, in which a cavity 
closed immediately upon the aspiration of air, and has remained closed for a year, is unlikely 
to be duplicated often in view of tho fact that prolonged aspiration through Monaldi drainage 
tubes so rarely completely and permanently closes a cavity. 

It seems likely that th? effectiveness of collapse therapy in closing tension cavities 
deponds largely upon tho degree to which the strictured bronchus resists the expelling of air 
and secretions from the cavity during expiration or coughing, or during the collapsing effect 
of whatever operation is used. A “positive pressure threshold” of 15 or 20 cm. of water 
may become changed by collapsing operations to a higher or a lower value ns a result of a 
change in the position of, and tonsion upon, the stenotic bronchus that is responsible for 
tension within tho cavity. If this assumption is true, a prooperative determination of the 
positive pressure threshold in a given case would not necessarily be a constant measure of 
tho resistance of tho stricture to the discharge of the air or fluid contents from a cavity 
following pulmonary collapse and, therefore, would not necessarily be a measure of the 
likelihood of complete cavity closure. 

These remarks arc meant to be preliminary to wliat I expect to say this afternoon in 
tho hope of combating wlmt I believe is present overenthusiasm about pulmonary resection 
for tuberculosis. If thoracoplasty works as well as many of us think it does, I believe we 
cannot afford to substitute u high operative risk and a high percentage of spread for the 
remarkably good results that thoracoplasty gives in a very high percentage of cases. 

DR. E. J. O’BRIEN, Detroit, Mich.—I expected to say exactly what Dr. Alexander has 
said, and I think some of it is worth repeating. Technically, this is a beautiful piece of work, 
but I do not know just how much it means, nor how much benefit either tho patient or tho 
operators obtain by need lingua lot of .-u ■ ’ •nreoperntively. We all admit, and know, 
and the essayists them* 1 ' ed that ■ -y be blocked today and not be blocked 

tomorrow. It may by itse' Gio course of collapse therapy measures. 
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Wo have all seen a number of patients with apparently blocked cavities getting larger 
under artificial pneumothorax, which close when the pneuniothomx is abandoned.. 3Jhls is 
especially true if a phrenic is added. The change in position apparently relieves bronchial 
angulation. Wo havo nlso scon definite tension cavities at the apex which close readily after 
thoracoplasty. In fact, free drainage and normal pressures may occur after the first stage 
thoracoplasty. 1 object very much to the hazardous needling of a cavity to see what tho 
pressure is, therefore, until tho collapse measures, which we luivo been using successfully so 
many years, have been tried. In the abstract of tlds paper the statement is made that, 
"A large percentage of pulmonary tuberculous cavities are 'tension cavities' and rarely close 
with thoracoplasty." Dr. Alexander referred to this statement, but I want to take exception 
to it also. 

Wo hare well over 1,000-thoracoplasty patients, and our percontngo of cavity closures 
will run from 80 to 90 per cent. Almost any report on a group of thoracoplasties will be tho 
same. When the number of cavities closed with artificial pneumothorax and with phrenic 
nervo interruption is added, there are not many left. I am afraid we are going to become 
tension-cavity conscious and neglect those procedures that have been effectual for so many 
years, for other measures more hazardous and less successful I should stress this point 
as far as lobectomy Is concerned. I agree with Dr. Alexondor tliat we must remember that 
a small area of necrosis in a long may bo stretched by tho intrapleural negative pressures 
to give the appearance of a largo balloon cavity and a falso impression of tho actual amount 
of disease present 

It seems wrong to me to take out a large amount of good lung tissue because a small 
area of necrosis exists in it This is frequently done in apparently blocked cavities. 

As far ns Dr. Hoad’s paper is concerned, no one can take issue with any procedure in 
individuals with far-advanced, hopeless tuberculosis if It gives relief and prolongs life. 
I do not like tho Monaldl operation but rather prefer cavernostomy in those patients in whom 
collapse therapy is impossible to accomplish. It often gives relief, and in some patients 
will cause cavity closure, but let us not go hog wild on tension cavities. There are not very 
many remaining after collapse methods are employed. 

DR. LEO HLOE8SER, San Francisco, Calif.—Tills difference of opinion merely shows 
us what I think.we have been conscious of for many, many years, and that is that we do not 
know whnt we nre doing when we are operating for pulmonary tuberculosis. I am merely 
going to discuss very briefly the pathogenesis of the tuberculous cavity nnd leave tho ques¬ 
tion of treatment aside. 

In the first place, I would like to protest at calling the cavitios undor discussion tension 
cavities. Dr. Vineborg and others hare protested at my I Laving called them blocked cavities. 
I think that protest is in order. If we will call them insufflation cavities, I think overyono 
will be satisfied. They nre not tension cavities, to my idea, because "tension" connotes 
stretching. That is a literal translation of tension, and they are just tho opposite of tension. 

These insufflation cavities have two elements. They have in the first place the element 
of insufflation of the cavity itself. That insufflation element is not present all of the time. 
There is nothing, or very little, that works all of the time or 100 per cent of the timo, as a 
very celebrated native of Illinois said a good many years ago. It is not necessary for a 
cavity to be under constant positive pressure in order to have it insufflated. All that is 
necessary is that it be under positive pressure more of the time than it is under negative 
pressure; this condition obtains in a great many tuboreulous cavities, especially the round 
ones. What adds very greatly to the complication of tho physics of these cavities is the 
extrinsic feetor which Dr. Shipman has emphasized. These rarities are undor influences not 
only from the inside, but from the outside, from influences that havo to do with the relation 
of the caliber of tho communicating bronchus of the cavity Itself and of the bronchi that 
subserve the surrounding pulmonary parenchyma. And that brings ua to a problem of 
physics that is so extremely complicated that I am afraid that I am not able even to state 
the questions that arise when ono considers this complicated problem of aerodynamics. 
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It has been somewhat of a satisfaction to see how, since 1937, tiiis topic has been 
elaborated. Some of the oldest inhabitants here, like Dr. Butler and others, will remember 
the development it has undergone, and that in 1937 so experienced a phthisiologist as our late 
president, Dr. Lord, stated that he had not seen enough patients with bronchial stenosis to 
be able to form an opinion concerning them. If, therefore, we will consider the insufflation 
cavity as one that is insufflated by pressures in which the positive exceeds the negative for a 
majority of the time, and if we will take account of the extrinsic factors, I think gradually, 
step by step, we shall arrive at some conclusion as to the pathogenesis of these cavities. 

DR. VICTOR STRONG RANDOLPH, Phoenix, Ariz.—AVitli Dr. O’Brien’s permission 
I would like to mention a form of cavity drainage which I think should at least be brought 
to the attention of the Society. It was proposed in Toronto by Rogers and Shipman for use 
in post-thoracoplasty cavities, and I have used it in bilateral tuberculosis for patients in whom 
collapse measures cannot be used because they would so reduce vital capacity that life would 
not be possible to the patient, or at least not useful. 

(Slide.) This was a man who was very sick. He had a large cavity in the top of the 
right lung and a good deal of disease in the balance of the lung. He had a small cavity in 
the top of the left lung and laryngeal tuberculosis; he wanted to get well. He was in bed 
for several montlis and not allowed to talk. A few months later the cavity in the right lung 
was a little larger and in the left lung, smaller; therefore, extrapleural pneumothorax was 
produced on the right side, and at a later time the cavity on the left side became very large, 
as can be seen, and therefore on this left side an Eloesser flap operation was performed. The 
next film shows that the cavity on the left side is gone, and this man, six years after his 
original illness, is well enough to work in a clerical capacity. This case illustrates the type 
of drainage that I wanted to show. 

DR. LOUIS R. DAVIDSON, New York, N. Y.—I am not desirous of challenging the 
statement of anyone here. I do want to agree, and I do so heartily, with both Dr. Alexander 
and Dr. Eloesser. A few days ago, in this city, at a meeting of the American Surgical 
Association, Dr. McClure of the Ford Hospital of Detroit read a paper entitled, “Tannic 
Acid Treatment of Burns. ’ ’ This was an obsequy. He hoped that no one would again use 
tannic acid in the treatment of bums. 

Regarding the Monnidi operation, as an individual procedure, I sincerely trust that we 
have read the obsequies. I think I am in a safe position to mnke this statement. Dr. Butler 
■will tell us whether this society met in 1940 in Cleveland. At the meeting there, and all this 
is a matter of record, I deprecated the use of the Monaldi procedure ns an individual method. 
The next year, in San Antonio, that statement was again made, and at this moment in no 
way do I feel that I want to change my opinion. I could give you my reasons for this con¬ 
clusion, but I believe they are well known to you. 

I had the privilege of knowing the late Dr. Pol Corvllos; I was perhaps affected by 
his dynamic personality and his fierce ambition. I am happy to find that today, many years 
after his death, pathogenesis, dynamics, and the closure of tension cavities are being discussed 
in almost his very words. He is now, perhaps, receiving commendations which lie so well 
merited in this direction. To be sure, he and I disagreed very heartily, in some instances, 
on the question of the cavity in pulmonary tuberculosis. I agreed with him that there is a 
definite intracavitary influence at the bronclioeavitary junction, but as Dr. Eloesser and Dr. 
Shipman have also stated, we insist that there are extracavitary influences. The Monaldi pro¬ 
cedure in no wav permanently influences these extracavitary factors. 

I should like to show a few lantern slides. I devised this cannulating pulmonary cavity 
instrument some vears ago in order to take frequent pressure readings while the cannula 
was in the lung and wliile we, with the aid of specially devised telescopes, could inspect the 
inside of these tuberculous pulmonary cavities. AYe know that the wall of the cavity is com¬ 
posed of three layers, the inner layer which is cheesy material, the middle layer or zone which 
is vascular in nature, and the outer or fibrous layer. This last zone is never noted upon 
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inspection, except by the pathologist at the autopsy table. Through these telescopes wo took 
colored pictures of the Inside of the tuberculous cavity In the living patients. In only two 
of the thirty-seven cases studied could we definitely visualize the bronchus. 

ITerc is a recess which is noted in all cavities. (Slide.) 

I might soy tlmt almost every cavity which is eannulatcd by the Monaldi technique will 
close, but when the catheter or cannula is permanently removed, sooner or Inter, the cavity 
reopens. 

Hero is u patient with a catheter inserted into the cavity. You will note the fluid level. 
When this patient forcibly expired and tho enthetor was pinched, tho cavity was obliterated. 
That is what occurs when good, constant negative pressure is applied to the cavity through 
the catheter, imt whon tho enthoter is removed, the cavity reopens, due particularly to extra- 
cavitary influence. Tills procedure may have n place, very occasionally, when it is combined 
with a thoracoplasty. With this in mind, nn anterior thoracoplasty was first performed. Tho 
thought occurred to us tlmt the brachial plexus and subclavian vessels might have dropped 
after tho first rib had been removed, thereby leaving these structures without support and 
permitting them to fall over the space we would uso for the cannulation. In order to 
determine this development, diodrnnt was injected into the cubital vein on the same side and 
tho patient immediately x-rayed. It was found that these structures had not changed their 
original positions. 

Because of tills fact, the Monaldi was then performed, followed by an orthodox posterior 
thoracoplasty. 

In closing, I may say tho Monaldi procedure will not bo used too often. While I do 
not call for olwcquios, X feel that its reincarnntion, in any form, should be very infrequent. 

MAJOR WILLIAM W. WOODRUFF.—I wish to discuss Dr. Head’s paper, as our 
experience, based on thirty-five cases, is similar to Ills. 

We too have -used Monaldi drainage almost entirely ns a salvage procedure, reserving 
it for thoso cases in which other forms of tliornpy did not seem wise or possible. I believe 
It also has a place in tho treatment of the insufflation cavities described by Dr. Eloesser, 
whero in most instuncc* it will bo nsed In conjunction with thoracoplasty. When it is so used 
the question arises, should the Monaldi or the thoracoplasty be done first. There are dis¬ 
advantages to each method. Our present procedure is giving reasonably good results and is 
as follows. Almost every cavity is packed because we have had the experience of finding R 
free pleural space at the time of introducing the trocar when none had been found by the 
aspirating needle. At the time of packing wc linve performed an anterior thoracoplasty, 
resecting portions of the first, second, and sometimes the third ribs. Then ten days to two 
weeks later the catheter is introduced. Tliis method of procedure lias the advantage tlmt it 
is possible to keep the enthetor in place wliile the posterior thoracoplasty is done and still take 
the entire remaining length of ribs without running a great chance of breaking through into 
the Infected sinns tract. 

Our indications and results in the thirty patients in whom the catheter was successfully 
introduced are as follows: 

Seventeen had extcneslvo bilateral disease. Of these seventeen, ten lmd cither a cavity, 
unexpandable pneumothorax, empyema, or thoracoplasty on the opposite side. 

Nine wore chosen been uso of the acuteness of their disease. 

The indication in the remaining four were age in two (G8 and 60 years), refusal of 
thoracoplasty in one, and previous unsuccessful thoracoplasty in one. 

I Ixdlcvo you will agree that nny good results in this group can well be listed as salvage. 

Now a word about our results in the group of thirty. In only four cases, or 13 per cent, 
linve tho catheters been withdrawn and the cavities remained closed without any other pro¬ 
cedure being used. 

Six of the patients, or 20 per cent, are dead. Four of the deaths were in the group of 
nine with ncuto tuberculosis. This is a high mortality rate, but an equal number (four) in 
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the same group are much improved. At the time of interference it seemed as though very 
little could be done for any of them. 

In eight cases, or 27 per cent, it became possible later to supplement the Monaldi by 
other procedures. Six patients have had thoracoplasty, one has had lobectomy, and one has 
had a cavemostomy. 

Twelve, or 40 per cent, still have the catheter in situ. Some of these may eventually 
die, but in some the condition may eventually become arrested. 

Based on tills experience, we agree with Dr. Head that Monaldi drainage is a valuable 
procedure and enables us to salvage some patients for whom we have little else to offer. 

Dr. Vineberg has been able to have suction throughout his hospital. "Wo have not been 
so fortunate; our patients have been scattered throughout the village, making necessary to 
have individual suction for them. Me have developed a simple, portable cabinet unit. Suction 
is obtained by using a Stedman suprapubic suction pump. The pressure is controlled by 
using a mercury safety valve, and an anaeroid pressure gauge from a Zavod pneumothorax 
machine has been connected in the circuit so that the pressure fluctuation may be constantly 
observed. It is simple, reliable, and safe. The motor runs continuously and we are able to 
maintain a constant predetermining negative pressure. 

DR. OTTO C. BRANTIGAK, Baltimore, Md.—I wish to emphasize that tuberculous 
pulmonary disease is a dynamic process. The mechanism which produces a tension cavity is 
not always constant or permanent. The intracavitary pressure will vary from time to time, 
fluctuating between positive and negative pressures. It would be ideal if collapse therapy 
could be applied during the phase of negative pressure within the cavity. 

DR. FRASER B. GURD, Montreal, Canada.—Just a word or two with reference to Dr. 
Alexander’s discussion regarding the contribution of Dr. Vineberg and Dr. Kunstler. He 
roferred to the fact that in the article published by them in Surgery, Gynecology, and Obstetrics 
in March of this year, the total number of cavities obliterated in the gToup subjected to trans¬ 
thoracic intracavity drainage is small. I wish to point out that this group of cases refers 
only to thoracoplasties that have been done upon chests in which the tuberculous cavities have 
been one inch, or more, in diameter and that the more simple lesions which we prefer to treat 
are not included in this group. In other words, those patients who are not in the salvage 
group are not included in these figures. I am not personally able to state offhand the number 
of straightforward cases in which operation has been done, but in those patients who had 
smaller cavities and who were not needled, the number of closures was very high and would 
have raised the total number of successful cases substantially. 

Dr. Vineberg and Dr. Kunstler are not, I believe, suggesting that the problem of 
obliteration of large cavities, whether these be positive pressure or not, has been solved. In 
this attitude every one of us in this £oom would he in agreement; Dr. Vineberg and Dr. 
Kunstler have, however, brought forward for consideration a method of investigation which 
seems to be safe and, in the main, to be very satisfactory. I know that I personally, watch¬ 
ing the work of these younger men, have been fascinated by the information which they have 
obtained and pleased by the very substantial improvement of the results in our clinic since 
routine determination of pressure in all larger cavities has been carried out. 

DR. ARTHUR VINE BERG, Montreal, Canada.—The first thing I would like to say 
is that we have never, even in our writings, suggested that, intracavity suction drainage was 
a means alone of closing a cavity of the tension or positive pressure type. You speak of 
intracavity or extracavity factors. Me, too, believe in the extTacavity factors, and that is 
why we believe in doing an anterior stage thoracoplasty. 

Mitli regard to Dr. Alexander’s remarks--it is quite true according to our figures that 
we did have 42 per cent of cavities which were needled and proved to be tension cavities. 
Ordinarily across the country, about 30 per cent of cavities failed to close after thoracoplasty 
and became residual cavities, that is if only cavities are considered. In reporting 1,500 pa¬ 
tients treated by thoracoplasty with S3 per cent closure of the cavities, I would like to go 
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over those crises and see how many of them were simply minimnl dlscaso or small, tiny intor- 
loculatcd cavities. Wo aro talking about cavities oil of which are larger than 2i> cm. This 
is tho first point. 

Tho next point is tlmt, I quite agree with Dr. Alexander tlrnt some of these patients 
may have tension cavities at the apex when we needlo them. Bat in a certain percentage of 
theso cavities following thoracoplasty, tho bronchus becomes twisted and closed off, which 
would help to explain the discrepancy l>ctween tho figures of 42 per cent tension cavities and 
17 per cent failure of cavities to close by thoracoplasty. 

Dr. O’Brien objects to needling of cavities. We have had absolutely no complication 
from needling in our series. We think that it is a crimo to mako a roepiratory cripple of a 
man because ho has one cavity. It is not tho right thing to do a seven-rib thoracoplasty on a 
man if a five-rib operation following intracavitary suction drainage will suffice. A good 
healthy lung is being obliterated instead of the diseased area. Wo aro attempting to knock 
out only tho diseased areas and not sacrifice healthy lung in order to do so. 

Dr. Davidson showed us where ho hnd examined various cavities from bronchi and 
found only two bronchi in the endoscepic examination. May I point out to Dr. Davidson that 
tho average pathologist who examines tho lung does not find the tension or at least tho 
valvular mechanism because he doesn’t look for it, and we, ourselves, have gone back over 
cavities which were declared to bo without any deflnito valvular media nism in their draining 
bronchi, nnd we havo found in even' case a bronchus leading to tho cavity with a trap-door 
mechanism or a bulbous type of swelling in the bronchial wnlL You havo to look for it, and 
you have to look for it at tho autopsy table. It will not be seen necessarily tlirough the 
ondoscopo. 

In closing, with regard to Dr. Ilead and Dr. Woodruff who suggest that this method 
should be reserved for salvage coses, it seems to mo that their cases are no criteria whatsoever 
of the effidency-of this method. The previously mentioned workers havo attempted to salvage 
people. There is no point in trying to salvage patients with a vital capacity of 1,000 cx. 
or less, but if such an attempt is made, from the results of Dr. Head’s cases and from what 
Dr. Woodruff reported, I would say that It speaks very well for intraenvity drainage per se. 
Why reserve this method for dosing cavities in salvage cases! Why not try to dose largo 
cavities with the minimum amount of damage to healthy lung! 

DR. JEROME R. HEAD, Chicago, HI.—I wish to express my appreciation of the very 
excellent work that Dr. Riggins and Dr. Vlneberg liave done. I bolieve that it is important 
and will lend to improved practice. I also would express my agreement with what Dr. 
Alexander and Dr. O'Brien said. I believe that the truth is neither hero nor thore. I am 
sorry thnt Dr. Davidson did not say that Monaldi suction should bo abandoned completely. 
It would have served as a text for a lecture. Throughout tho whole history of collapse therapy 
and tuberculosis we have had many new techniques introduced. Eventually someone says Hint 
he has given up this or that operation as being of no vnlue. I have found that everything 
that has been added—paraffin pack, extrapleural pnoumothorax, Monaldi suction—each has a 
place; there are patients who cannot be treated in any othor way. The one who practices the 
best will use them all as they are indicated. 
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obstruction with resultant anoxia. Bronchial rales have been present in all 
patients. In a poorly emptied tracheobronchial tree, bronchial rales persist in 
spite of cough and expectoration. "When they are wheezing and high pitched, 
they have a dry quality. They may be loud enough to be audible at the bed¬ 
side and in such instances the patient appears to be having a typical asthmatic 
attack. In spite of the dry quality of these rales, they have disappeared after 
the patient has commenced raising tenacious sputum. In other patients, bubbling 
sonorous rales occasionally predominate with an accompanying classical tracheal 
rattle. When .rales of this sort are present the sputum raised is frequently of 
a more liquid character. 

Distant bronchial breathing may be heard over small areas, usually signify¬ 
ing patchy lobular atelectasis, but of course it may represent a pneumonic proc¬ 
ess. The diagnosis is certain if the intensity of the bronchial breathing or its 
location changes with forced cough. 

Fever and toxicity are constantly present. While at this stage early bron¬ 
chial infection may he a minor factor, the fallacy of treating all of these patients 
for a bronchopneumonia is obvious. The history, the constant wet cough, and 
widespread bronchial rales are signposts that will not be ignored in the proper 
evaluation of the patient’s condition. 

ROEXTGENOGRAPHIC FINDINGS 

The frequent coexistence of an extensive thoracic wall, pleural or intra- 
pulmonary lesion makes the shadows possibly due to partial or complete bronchial 
obstruction very difficult to interpret. On the other hand, a considerable degree 
of obstruction may be present without roentgenographic evidence. When any 
question arises as to the diagnosis, more weight should he given to the clinical 
picture. Whenever possible, roentgenograms hi at least two planes should be 
taken. In certain specific instances, collateral information may be gained by 
thoracentesis when it is considered in the light of suggestive roentgenographic 
findings. The shadows caused by atelectasis must be differentiated from those 
produced by pulmonary contusion or hematoma. With intrapulmonary bleed¬ 
ing the shadows are quite likely to be round or oval and in the case of a hema¬ 
toma there may be small, loculatcd airpockets present. Intrapulmonary bleed¬ 
ing will not result per se in cardiac or mediastinal shift. 

TREATMENT 

With any degree of bronchial obstruction, treatment is aimed at improving 
the impaired tracheobronchial drainage as rapidly as possible. Cardiorespira¬ 
tory imbalance from mediastinal shift, shock, ileus, etc., is corrected simul¬ 
taneously. Thoracentesis is an extremely valuable preliminary step in the treat¬ 
ment of bronchial obstruction, and must always be performed at once when¬ 
ever there is any evidence of pleural fluid. Gastric and intestinal decompres¬ 
sion should be commenced as indicated. The development of deep full respira¬ 
tions and an efficient cough is mandatory. 

Pain from thoracic wall contusions or from fractured ribs has been a fre¬ 
quent reason for inability to breathe deeply and to cough and raise sputum. In 
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treating a largo number of thoracic casualties one of the most significant observa¬ 
tions has been complete confirmation of the value of intercostal and paraverte¬ 
bral norvo block in the control of thoracic wall pain. This has been reported 
previously by Hovenstino and Byrd,’ although these authors did not elaborate on 
tho relationship of thoracic wall pain to wet lung and defective bronchial drain¬ 
age. The indications, technique, and results of this simple and valuable proce¬ 
dure hnvo been givon. 10 Nerve block has completely relieved pain and dis¬ 
comfort for a period of time averaging not less than twonty-four hours. 
But it may be that tho relaxation of voluntary muscle in the thoracic wall is 
important in tho relief of pain well beyond the time of action of tho anesthetic 
agent. AVitli the exception of severe flail chest, nerve block has precluded all 
necessity for strapping tho thorax, in itself a procedure which decreases respira¬ 
tory exchange and favors the retention of bronchial secretions. Nerve block 
is, then, indicated at once on any patient with faulty bronchopulmonary elim¬ 
ination who is complaining of thoracic pain. It should be used prophylactically 
in all patients with severely pninful chests, where respiration and cough are 
limited. The cough almost immediately becomes efficient and productive; 
dramatic improvement usually follows within one hour. Nerve block may be tho 
only procedure necessary to aid in clearing the obstructed bronchi (Case 3). 

Carbon dioxide inhalations combined with the frequent changes of the 
patient’s position are likowise of considerable value. The gravity effect of 
positional change on bronchial secretions is too well known to require further 
description. AVo much prefer 100 per cent CO, when it is available, admin¬ 
istering it for two or three deep breaths by means of a catheter and small 
funnel Forced coughing, during and following the brief stage of hyperpnea, 
is of the utmost importance, a detail not often sufficiently stressed. AVithout 
forced cough, the administration of CO, loses much of its effectiveness. AVhen 
no CO, is available, rebreathing into a paper bag may be substituted. The value 
of carbon dioxide is twofold; the gas itself is a true expectorant’ and, mechan¬ 
ically, hyperventilation loosens and propels viscid secretions along the tracheo¬ 
bronchial lumen. 

CATHETER SUCTION 

Depending on the condition of the patient, on his roentgenogmphic find¬ 
ings, and on our clinical judgment as to the progress toward clearing, the 
measures just enumerated are continued for from six to twonty-four hours. 
If the patient docs not progressively improve or if there is evidenco at any 
time of further blockage, mechanical aspiration of the tracheobronchial lumon 
is resorted to without dolay. This is porformed by either of two methods; 
tracheobronchial catheter aspiration* or bronchoscopy. Each method has its 
advantages and there are but few clear-cut indications for the use of one rather 
than the other method. Bronchoscopy may bo followed by repented catheter 
aspirations. In both methods the liasic aims are the removal of excess fluid 
in the lower airway, the loosening of deeper secretions by local manipulation 
of the tracheobronchial tree, and the development of a more efficient cough. 



166 


THE JOURNAL OP THORACIC SURGERY 


The equipment for catheter suction is almost always available and the 
technique is simple. The fact that with practice no anesthesia is necessary 
makes this method one that can most easily be used in an emergency. Rarely, 
a small amount of topical anesthesia may be required if a hyperactive gag 
reflex is present. The technique should be mastered by surgeon and internist 
alike; many lives will be saved thereby. A source of suction delivering from 
fifteen to twenty pounds negative pressure (ordinary ‘ ‘ nose and throat ’ ’ suction 
machine), connecting tubing, and a No. 16-18 new urethral catheter are all 
the materials necessary. A portable hand-driven suction machine has been 
designed by one of us (L.A.B.) 5 for use when no source of electricity is avail¬ 
able. The Robinson type of urethral catheter with two openings is preferred. 
The patient is placed in semi-Fowler’s position, the neck is flexed, and the 
tongue pulled rather sharply forward to anchor the larynx. If the patient is 
unconscious, the neck can be flexed by raising the head on a pillow or folded 
blanket. Without suction, the catheter is passed through the more widely 
patent nostril and advanced until the larynx is reached. The catheter is then 
withdrawn for about 1 cm. and the patient asked to take a rapid, deep breath. 
During inspiration, the catheter is quickly advanced into the trachea. Success 
in the manuever will be signified by coughing, passage of air through the 
tube, and huskiness of the voice. Occasionally it will be better to advance the 
catheter during the expiratory phase of a cough. After the catheter has been 
advanced for several centimeters into the trachea, suction is commenced.- -The 
patient is urged to cough and usually responds violently due to contact with 
the tracheal mucosa. The catheter is slowly advanced and retraced to provoke 
coughing and prevent excessive suction on the mucosa in any one spot. Suction 
is stopped after about five seconds and the patient allowed to take two or 
three deep breaths so that not all the air will be drawn out of the bronchial 
tree. Aspiration is then commenced again and after the trachea is dry, atten¬ 
tion is turned to the mam bronchi. The patient’s head is turned slightly to 
the left in order that the right stem bronchus may be entered. It is somewhat 
more difficult to enter the left stem bronchus; the patient’s head must be 
turned far to the right and the chin somewhat elevated. The catheter should 
be advanced as far as possible into each stem bronchus. Frequently, the patient 
is rolled on his side with the more involved lung uppermost, so that dependency 
will aid in draining the smaller bronchi. The continuous periods of suction 
should not be longer than five seconds and the patient should not be allowed 
to become exhausted or cyanotic. Following catheter suction the patient coughs 
with greater efficiency because of increased ventilation. He should be watched 
closely, however, for further accumulation of secretions. Since there is no 
trauma to the larynx or bronchi, catheter aspiration may be repeated at two- 
to three-hour intervals. 

Certain specific uses of catheter aspiration should be listed. Acute emoi- 
gcncies on the ward should undoubtedly be treated by this means.' When 
an active traumatic thoracic service is in operation it is wise to have a tracheo¬ 
bronchial catheter aspiration set prepared on the ward at all times. In the 
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unconscious pnticnl where it is probable that frequent aspirntions will be 
necessary, entheter suction should probably be performed from the beginning. 
Oeensionnllv there is the desperately ill but conscious patient in whom tracheo¬ 
bronchial cleansing is urgently needed, but even tho manipulntion necessary 
for n bronchoscopy nmy prove hazardous; entheter aspiration may well prove 
a lifesaving procedure. Post operatively, catheter aspiration is of great value 
if there is nny question of rctnined secretions. Rnroly, it may not lie possiblo 
to pass tho catheter because of an unusually flaccid epiglottis. Technically, 
there is no other condition which should provcnl tho passage of a entheter. 

BRONCHOSCOPY 

Bronchoscopy is a highly technical procedure to bo performed by someone 
especially trained in this technique. General anesthesia is contraindicated in 
tho. presence of excess bronchia! secretions so that topical nnesthesia must bo 
employed. Bronchoseopie nspiration is a more efficient procedure than catheter 
suction. Since it is done under direct vision, both stem bronchi will be aspirated 
in a more efficient manner than cathoter suction. With the use of enrved 
suction tips, more adequate drainage of the smaller bronchi can be accom¬ 
plished. Further increase in the airway is provided by mucosal shrinkage 
with ponlocaine (or cocaine) and epinephrine, which procedure is not possible 
with catheter suction. 

Under certain conditions bronchoscopy is earned out at once without 
waiting for a trial of more conservative measures. Bronchoscopy is tho treat¬ 
ment of choice when the distraction is due to particulate material, blood clots, 
and thick mucous plugs.' In bilateral atelectasis the patient has a sufficient 
reduction in his vital capacity so that a curative procedure is indicated without 
delny (Case 2). In unilateral massive collapse, immediate bronchoseopie 
aspiration is preferable to a more conservative regimen. AVith an already 
reduced vital capacity, the sudden loosening of large amounts of secretion 
from the obstructed bronchus can well flood the normal bronchus with grave 
results. In partial tracheal obstruction an immediate bronchoscopy must be 
considered. Hero again, there is great danger of aspirating excess secretion 
into the more normal bronchus. AVhcn there is sadden recurrence of obstruc¬ 
tion after partial or complete clearing of the bronchinl lumen, early bronchos¬ 
copy is demanded. At times a patient is admitted to tho ivard completely 
exhausted, without tho strength to cough and with tho tracheobronchial lumen 
brimming with secretions. Immcdiato aspiration is mandatory. Here is a 
seeming paradox, that the sicker the patient, the more necessary is an immediate 
bronchoscopy (Case 1). Failure to follow this principle will result in disaster. 
Stomach secretions have an eurly deleterious effect on the tracheobroneliial 
mucosa.' AVhcn an unconscious pntient aspirates vomitus it is an imperative 
indication for mechanical cleansing of the tracheobronchial tree before the 
pntient leaves the operating room. Bronchoscopy is much the preferable pro- 
eedurc. Catheter aspiration must, however, be substituted if tho patient has 
only partially reacted from the anesthesia and his neck and jaw muscles have 
become tight. Justification for stressing this point lies in the fact that much 
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of the forward surgery is of an emergency nature. Postoperative vomiting 
will, therefore, he a more frequent complication than in civilian surgery. 

case reports 

Many patients showed a significant degree of intrabronchial obstruction 
following thoracic trauma. Three ease histories have been chosen from this 
group to illustrate many of the problems of diagnosis and treatment. Patients 
were received at the thoracic surgery center from four to five days after injury 
during the Sicilian invasion and the early part of the Italian Campaign. 

Case 1.—A 23-year-old soldier received multiple machine gnu bullet wounds while 
fighting in Sicily on July 15, 1943. The most serious injury was a right-sided thoraco¬ 
abdominal wound, the missile entering the thorax anteriorly just below the clavicle and 
coming out through the upper abdominal walL An emergency laparotomy was performed 
at a field hospital. A laceration in the right dome of the liver was found and packed. 
At the conclusion of the operation the patient was in critical condition from right-sided 
tension hemopneumothorax and an obstructed lower airway. Twenty-two hundred cubic 
centimeters of blood and air were removed from the right pleural cavity, followed at once 
by bronchoscopic aspiration of obstructing secretions. There was immediate dramatic 
improvement. The tension pneumothorax was treated by an indwelling needle attached 
to a waterseal bottle. This needle did not function during transportation. The patient 
arrived at the thoracic surgery center on July 19 in poor condition with dyspnea, cyanosis, 
and a weak rapid pulse. Expectoration of tenacious bloodstreaked secretion eased the 
cyanosis somewhat. The patient had a wet cough and raised sputum constantly. There 
were coarse rales over the trachea and parasternally on the right. Thoracic roentgenograms 
showed a right-sided patchy obscuration apparently due to a small amount of pleural fluid 
and, perhaps, scattered areas of atelectasis. On thoracentesis, only a few cubic centimeters 
of tliin bloody fluid without odor were obtained. Immediate bronchoscopy was productive 
of much bloody tenacious secretion coming from the trachea and right stem bronchus. The 
patient raised several ounces of similar material during the next three hours and his con¬ 
dition improved. On July 21, the patient again experienced acute obstructive respiratory 
difficulty, and emergency tracheobronchial catheter aspiration cm the ward was undoubtedly 
lifesaving. Thi3 material was bloodstreaked and had a faintly foul odor. Roentgenograms 
were repeated and the obscuration in the right upper part of the thorax had increased. 
Thoracentesis now revealed thin bloody foul pleural fluid, identical to that which had been 
aspirated. Thus, the existence of a bronchopleural fistula was established even though the 
roentgenogram disclosed neither fluid level nor mediastinal shift. Intercostal water-seal 
catheter drainage was immediately performed and there was complete loss of the tracheo¬ 
bronchial wetness. Several days later, open thoracostomy with rib resection gave adequate 
drainage. The fistula closed spontaneously and the empyema cavity eventually became 
obliterated. 

On three occasions bronchial aspiration was a lifesaving procedure for 
this soldier. We are convinced that tracheobronchial obstruction may often 
he a factor in early death from thoracic injury. Many of these deaths can be 
prevented if the possibility of bronchial obstruction is not overlooked. Another 
feature worthy of comment in this patient is the dramatic fashion in which 
proper drainage relieved bronchopleural spillage as in any case where a fistula 
connects a hemothorax or an empyema with the tracheobronchial tree. 

Case 2._A 23-year-old British soldier was wounded in action on the Salerno Beach¬ 

head on Sept. 9, 1943. He suffered a perforating gunshot wound of the right side of the 
chest. The patient's wound was dressed on the beach and he was evacuated to a Handing 
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rhonclu were heard over the midline. At the base, bilaterally, were areas of faint bronchial 
breathing associated with fine rules, which shifted slightly in location and intensity follow¬ 
ing cough. Roentgenograms (Fig. 1) showed a bilateral basal triangular shadow extending 
down and out from the hilum and considered typical of bilateral atelectasis. Peripherally, 
at the right base, the rounded area was interpreted as probable intra-alveolar bleeding 
(pulmonary contusion). 

Bronchoscopy was performed several hours after admission because of the patient’s 
extensive bronchial occlusion, lowered vital capacity, inability to cough efficiently, and 
exhaustion. Obstructing tenacious mucosanguineous secretions were aspirated from both 
lower lobar bronchi. After mucosal shrinkage, the patient coughed up quantities of tiny 
pluglike casts composed both of blood and of mucoid material. These obviously had been 
obstructing small bronchi,bilaterally. The patient was immediately relieved of the dyspnea 
and the breath sounds at the base lost their bronchial quality. The cough was productive 
of approximately eight ounces of sputum during the next eighteen hours. At this time 
roentgenograms showed complete clearing of the bilateral atelectasis (Fig. 2). Progressive 
clearing of the area of contusion occurred in the next six days (Fig. 3). 




Fig. 4. Fig- 5. 

Fig. 4.—Right-sided liemopneumothorax; probable partial bronchial obstruction: the 
seventh and eighth ribs have been fractured posteriorly. 

Fig. 6.—Extensive clearing twenty-four hours later. 

Case 3.—A 27-year-old soldier was wounded in action in Italy, on Sept. 13, 1943. 
He suffered a perforating “sucking” wound of the right posterior thoracic wall. Immediate 
treatment consisted of a massive occlusive dressing and plasma by vein. Within twenty- 
four hours the patient had been admitted to a semimobile evacuation hospital. Operation 
consisted of wound trimming, removal of rib fragments, repair of pleural defect, and tight 
skin closure. The patient was having constant hemoptysis at this time. Because of tension 
pneumothorax an indwelling needle with flutter valve was inserted in the second anterior 
interspace. It was removed in seventy-two hours. The patient arrived at the thoracic 
surgery center on the evening of September IS. He was in no respiratory distress and 
was only slightly dyspneic on exertion. Physical examination showed a right-sided liemo- 
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pneumothorax without mcdinatinnl shift. Tho wounds were clenn. Early next morning the 
patient suddenly developed grout respirator}- distress. He commence<l to perapiro, became 
moderately cyanotic, ami developed a constant wet, painful cough, prodactivo of small 
amounts of tenacious mucoid sputum* The pain was limited to the posterior thoracic wall 
on the right. Loud coarse rhoncld were heard over both lung fields posteriorly. Boent- 
genogrnrus, taken immediately, showed a homopneumothorax on the right with approximately 
,10 per cent compression of the lung (Fig. 4). In addition, there were patchy areas of 
pulmonary obscuration which were difficult to separate from the shadows doe to the intra¬ 
pleural fluid. Bcenuse of tho patient’s obvious distress and tho bronchial obstruction, it 
was tentatively decided that bronchoscopy should be done. First, however, right posterior 
intorcostnl nervo block was performed, from tho fifth to the tenth thoracic vertebrae inclu¬ 
sive, and 1,200 c.e. of bloody fluid and nir were removed from tho pleural cavity. Tims, 
pain and tho splinting effect of pleural fluid were removed. Almost immediately tho patient 
was able to breathe more deeply and to cough effectively. "Within a short tlrao after pro¬ 
ductive cough started, the patient stopped perspiring and the bronchial rfUefl disappeared. 
He raised six ounces of extremely tenacious mueoid sputum during the next five hours. 
Tho efficient productive cough, nlded by small omounts of CO, continued for three days and 
gradually subsided. On September 20, thoracentesis waB productive of 60 cx. of old blood 
and air. Shortly thereafter a'‘roentgenogram showed remarkable clearing lwth of the pleural 
cavity and of the pulmonary parenchyma (Fig. 6). The intmthoracle abnormalities dis¬ 
appeared completely in n few days. On tho eleventh day nfter injury, skin separation of 
the wounds occurred because of nn extensive deep serum collection. The pleural closure 
remained tight. 

DISCU8SI0N 

The tracheobronchial tree has as its primary function that of providing 
nn airway from tho alveolus to the outside atmosphere to permit the exchange 
of gases necessary for the maintenance of lifo. However, one must remember 
that it hns other important functions as well There is also a definite secretory 
function and the capacity to rid itself of the secretions, other fluid sulatances, 
and aspirated material that may be abnormally present within its lumen. 
The action of the cilia and the peristalsis of the bronchial musculature effect 
this cleansing of the bronchial tree. These intrinsic actions of the bronchi 
and trachea are aided by the voluntary cough mechnnism. Little is known 
about tho effect of tho chest trauma on ciliary action of the mucosa and 
bronchial peristalsis. One might presume, however, that these functions would 
not bo normally active. Nevertheless, there is definite clinical evidence that 
the normal cough mechanism is seriously impaired when there is even moderate 
thoracic trauma. Thus, the interference with the emptying of stagnated fluid 
substances in the bronchial tree results in bronchial obstruction, which if un¬ 
relieved may be followed by pulmonary atelectasis and pneumonia. With this 
concept of the function of the bronchi and the dorangements thus brought 
about by thoracic trauma, tho treatment then becomes simple and logical. The 
measures advocated are mainly those to improve inadequate tracheobronchial 
drainage. 

It is probable that varying degrees of pulmonary atelectasis may be present 
early in these patients, although the diagnosis cannot bo made early in most 
instances. This is duo to sovcral reasons. The evidence of large amounts of 
fluid in tho pulmonary tree, shock, severe dyspnea, and anoxia dominate the 
clinical picture soon nfter injury. Furthermore, one is forced to proceed, 
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vigorously treating the patient without waiting for a roentgenographie exam¬ 
ination. In fact, therapeutic measures must be employed to make the patient 
fit for x-ray examination. "We have suspected pulmonary atelectasis early in 
these patients hut have not had a clinical picture nor the confirmatory roent- 
genograpliic evidence. Vigorous treatment was instituted promptly on the 
day of injury and the days immediately following injury, without resorting 
to x-ray studies. Although we have suspected atelectasis soon after injury, 
actually the diagnosis has been made with certainty a few days after the 
wounding. The question of just when pulmonary atelectasis first develops in 
these cases will be solved when it is possible to take serial portable chest x-rays. 
The progress of the patient should be plotted soon after the initial trauma 
and at hourly intervals if necessary. However, in the forward medical in¬ 
stallations where such facilities are not available this question is of acad emi c 
importance, if one proceeds, vigorously treating the patient according to the 
principles that have been outlined. 

CONCLUSIONS 

1. Bronchial obstruction may be present in patients with chest injuries 
as a result of retained fluid substances in the pulmonary tree. 

2. Persistent bronchial obstruction is an important factor in the develop¬ 
ment of pulmonary atelectasis and pneumonitis following thoracic trauma. 

3. The principles of improving inadequate tracheobronchial drainage are 
discussed. 

4. Illustrative case histories are presented. 
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CERVICOMEDIASTINAL LYMPHANGIOMA WITH CHYLOTHORAX 


Lieutenant Edward A. Swift, Medical Corps, Army of the United States, 
and Harold Neuhof, M.D., New York, N. Y. 

T HE occurrence of chylous effusions in tho chest and abdomen has been 
notod sporadically in the literature over the past 300 years. Their rarity 
has stimulated authors to report individual experiences. Recently theso reports 
have been of moro significance because of various therapeutic measures now 
being instituted in attompts to savo tho lives of patients with chylous effusions. 
The enso to be presented docs not offer a now thorapeutic problem but warrants 
report because of the unusual nature of the basic lesion and because of certain 
implications which may aid in the clarification of some previously unexplained 
cases. 

In a consideration of chylothorax, two major groups of etiologies, the trau¬ 
matic and nontraumatic, are unrelated. Tho cases due to trauma constitute an 
interesting subject in mnny respects, such ns the numerous ways in which trauma 
can givo riso to extravasated chyle and the problems of management which arise. 
They are not the subject of tho paper, but, for tho sake of somo completeness, a 
few of tho salient points are worthy of note. 

The traumatic cases present a rather characteristic sequence of events 
after the precipitating injury. There is usually a quiescent period (from four 
to six days up to two months) following tho injury before pulmonary symptoms 
appear. This free period is moro or less suddenly interrupted by the onset of 
dyspnea, often a severe shockliko picture, and frequently cyanosis. Chest pain 
may or may not be a feature. On examination, the patient will be found to have 
a massive pleural effusion on one or possibly both sides, and aspiration then 
establishes the diagnosis with the removal of a milky fluid. When sufficient 
fluid is removed, dyspnea and oyanosis are relioved and the patient is quite com¬ 
fortable. Then the problom of management arises because the effusion generally 
reaccumulatcs rapidly, again causing respiratory embarrassment. With slow 
leaks requiring only infrequent aspirations, tho patient may carry on for weeks 
or months. But if the accumulation is rapid and persistont, dehydration and 
emaciation are likely to dovclop and death may occur in a few days to a few 
weeks. Tho most serious loss is that of proteins in the chylo, and measures to 
diminish this must be instituted. 

Tho types of trauma which have been responsible for chylothorax include 
hyperextension injuries, penetrating wounds, fractured ribs and vertebrao, and 
accidental Incorations occurring in the courao of surgical procedures. Other 
traumatia types may result from coughing spells, convulsions, blast injuries, and 
injury to infants at the time of delivery or shortly thereafter. The most common 
type is the hyporoxtonsion injury from falls, bruises, etc., in which the thoracic 
spine is suddenly and acutely extended. Under these conditions the right crus 
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of the diaphragm is said to compress the rather fragile thoracic duct against 
the vertebrae, causing a laceration. The chyle then leaks into the mediastinal 
soft tissues (or lower, giving rise to chylous ascites) in a retropleural position. 
A large collection of chyle gradually accumulates here until a rupture through 
the parietal pleura occurs due to pressure or tension. The sudden release of 
all this fluid compromises lung and mediastinum and produces the clinical 
picture to which reference has been made. It would not occur if an intact pleura 
were present as might happen in penetrating wounds or fractured ribs. This 
fact has been established by the demonstration of “retropleural chylomas” in 
the mediastinal tissues at opei-ation, at post-mortem examinations and by 
x-ray examination. 2 ’ n > 12 Brown in 1937 proposed drainage of these chylomas 
through a paravertebral, extrapleural approach to obviate pulmonary complica¬ 
tions. 12 

Traumatic chvlothorax occurs most frequently on the right side due to 
the anatomy of the thoracic duct (whicli arises from the cisterna chyli to the 
right of the midline and opposite the body of the second lumbar vertebra). It 
enters the thorax to the right of the midline, passes beneath the right crus of the 
diaphragm and maintains this position in the posterior mediastinum up to the 
foui'th thoracic vertebra, where it courses to the left side and ascends into the 
root of the neck for a short distance, bends and enters into the left subclavian 
vein at the angle between it and the internal jugular vein. This termination 
is not constant and may consist of several branches, all entering this vein or 
some going also to the left internal jugular or the right subclavian vein, or 
both. 1 

Therapeutic measures have been conservative in the main. These consist of 
aspirations of fluid as often as is necessary, depending on the patient’s respira¬ 
tory’ status; low fat, high carbohydrate and protein diets; or nothing by mouth 
with intravenous fluids only for a time. More recently, patients have been 
treated with intravenous infusion of some of the chyle in an attempt to offset the 
great lass of proteins, particularly in prolonged leakage. Anticoagulants have 
been used (citrate and heparin), and with bacteriologic controls this material 
has been infused even when four days old without reaction. Some untoward 
reactions have occurred, however, and at least one death is recorded, due pre¬ 
sumably to anaphylaxis. 7 Plasma and blood transfusions are valuable in main¬ 
taining fluid equilibrium. Other measures have included pneumothorax after 
aspiration, phrenicectomy, external drainage, and injection of irritating solu¬ 
tions into the pleural cavity to promote adhesions. 

From experimental work it is known that there is a large collateral bed 
for the thoracic duct circulation; hence, ligation of the leaking duct would seem 
to offer a hopeful possibility. However, even ligation of both ends after surgical 
trauma failed to prevent chylothorax in a recent patient with trauma. 7 One can 
assume that ligation in patients with trauma is too sudden for collateralization 
because, at autopsies revealing generalized malignant metastases, extensive 
blockage of the thoracic duct and many of its branches has been found without 
chyle leakage. 
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Mortality rates average 50 per cent tor the patients with conservative treat¬ 
ment. Surgical intervention, such ns ligation and repair nttempts, produces a 
higher rate—up to 100 per cent, according to ono article. 0 Operative leakage 
is attended with a 10 per cent mortality, and in eight bullet wound cases a 
25 per cent mortality is reported. 10 

The subject of nontrnumntic cliylothorax has been thoroughly presented 
by Yatcr, 1 who found about 100 cases mentioned licforc 1935. The most com¬ 
mon etiology is metastatic mnlignnut disease which gives rise to obstruction to 
the duct and/or its radicles by implants within the lumen or by pressure on the 
duct from adjacent nodes in the supraclavicular area. There are included 
nbdominnl carcinomas, lymphosarcoma, and Hodgkin’s disease. Tuberculosis 
causing obstruction of the thoracic duel is next in importance and is most 
common in children in whom pressure by lymph nodes or intrinsic obstruction 
is the cause of leakage. Other miscellaneous causes listed by Yater included 
lymphangiectasia, localized tlirombosis of the subclavian vein in tho region of 
its junction with the duet, filarial obstruction, and erosion by aneurysms. 

Fchr 1 proposed the theory that slow obstruction would not cause an effusion 
unless many of the collaterals are likewise blocked (by carcinoma for instance). 
Tho reason chylous effusion is not scon more often in terminal malignancy is 
that death no doubt occurs before obstruction of tliis extent can develop. 

Prognosis in patients with nontraumutic chylothorax depends on tho nature 
of the underlying disease and the influence of thorapeutic measures, such ns 
radiation for lymphoblastomas. 

Some interesting points about chyle may be mentioned. In the past, con¬ 
siderable offort was made to distinguish Imtween trno chylous effusions and so- 
called pseudochylous fluid. The latter was supposed to be milky fluid resulting 
from alterations in long-standing offusions in lx>dy cavities associated with malig¬ 
nancies, tuberculosis, cirrhosis and nophritis. The color change was said to be 
due to the appearance of a lecithin-globulin combination, and by means of 
laboratory tests tho two fluids could bo distinguished. 30 The main differences 
were the absence of fat and a specific gravity below 1.012 in pseudochylous fluids. 
More recently the existence of pscudochylo has been questioned. 

Tho finding of fat in an effusion is now considered to bo ovidence of its 
chylous nature. Brescia,* quoting from Gandin, states that the milky appear¬ 
ance is due to the presenco of emulsified fat and that chyle is the only source of 
such emulsified fat. This would appoar to hold despite an observation attributed 
by Gerater” to Honschen to the effect that chyle and lymph arc very similar in 
a starving animal and that lymph after fatty meals (for examplo, lymph from 
an extremity) contains fat in practically the same percentage ns chyle-bearing 
lymphatics. 

The nature of chyle with its fat content makes tho staining reaction -with 
sudnn III of diagnostic importance. In our case and in several cases in the 
literature, the chylo did not stain. Tliis docs not rule it out as chyle hut does 
require explanation. Sudan III docs not stain neutral fat globules wliich often 
constitute from 70 to 87 per cent of the total lipids of the chyle of experimental 
animals. 11 Thus the constituents whieli should react may not he in a eoncentrn- 
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tion sufficient to be detected. Briefly tben, chyle has a milky appearance, has 
a specific gravity of over 1.012, contains emulsified fat which usually can be 
recognized with sudan III, and is sterile, and, if the fluid is alkalinized and 
shaken with ether, it will clear. 

Cytologic studies of the chylous fluids and of peripheral blood smears have 
given some interesting findings. 17 Thirteen peripheral blood studies on ten 
different patients reported on in the literature showed six to have a high per¬ 
centage of lymphocytes and seven to have a range of from 6 to 16 per cent. The 
cells in chyle have consistently shown a high percentage of lymphocytes, and 
experimentally this was confirmed by average cell counts of 20,700 per cubic 
centimeter, with from 85 to 90 per cent lymphocytes. Along with these findings, 
peripheral blood smears after ligation of the thoracic duct revealed a drop in the 
number of lymphocytes and eosinophiles in spite of the occurrence of a leuco- 
cytosis. Finally, it was noted that the milkiness of chyle varied directly with 
its fat content. 

It is stated in numerous articles that the average rate of flow of chyle in the 
thoracic duct is from about 130 to 195 c.c. per hour, with marked variations 
occurring at mealtime. 1 Chyle is a mixture of liver and intestinal lymph with 
variable protein and fat content, depending on the relative mixture of high 
protein liver lymph noth the bowel drainage which contains a. variable concen¬ 
tration of fats. The thoracic duct is equipped with a valve near the subclavian 
junction which opens toward the vein. It has been observed that chyle has a 
rhythmic variation in its flow, the result of numerous factors, including in¬ 
testinal contractions, contractions of the cisterna chyli and the thoracic muscula¬ 
ture and the movements of respiration. 4 Experimental ligation of the thoracic 
duct in dogs rarely causes chylothorax. Only after the superior vena cava was 
ligated could chylothorax be produced in 50 per cent of the animals. 1 

It has been mentioned that chyle is strongly bactericidal. Furthermore, it is 
frequently observed that chyle can remain at room temperature for weeks with¬ 
out putrefaction. It can therefore be assumed that infection of chylous effusions 
will occur rarely and that appropriate surgical efforts to solve the problem can 
be contemplated in patients 'with traumatic cases without fear of infection. 

CASE REPORT 

G. C. (No. 516387), a 32-year-old man, wns admitted to the Mount Sinai Hospital for 
the first time Feb. 8, 1944, giving a P ast history of episodes of crampy abdominal pains for 
the past ten years associated with dietary indiscretions. The last attack was from four to 
five months before admission, at which time pain was almost immediately relieved by medica¬ 
tion. Four years before, gastrointestinal films at another hospital were reported to be 
negative. 

Three weeks before admission he developed an upper respiratory infection characterized 
by cough with very little sputum, general malaise and fever. He was considered to have a 
virus infection, possibly a virus pneumonia. 

Two days before admission he noted a swelling in the left supraclavicular area without 
local pain or'tenderness. That evening he developed generalized abdominal pain, most marked 
on the left side. The next day the pain was worse, now localized to the epigastrium and 
left upper quadrant. There were no nausea, vomiting or bowel changes and no further change 
in the neck swelling. There was no history of trauma. It is of interest to note a previous 
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episodo of loft supraclavicular swelling wtiidh. had occurred four months bofore, lasting several 
days with qucstionnblo associated mild abdominal pain. 

Physical examination revealed a wcll-dovolopcd, healthy man complaining of severe 
abdominal pain. Tho terapemturo wns 100* F.j pulse, 90; and respirations, 24. A soft, com¬ 
pressible nontender swelling wag noted in tho left supraclavicular area. The left lung base 
was dull, with diminished to absent breath sounds nnd no rfiles. Diaphragmatic excursions 
were poor. Tho heart was normal, and tho blood pressure was 120/80. The abdominal wall 
wns spastic and extremely tender in tho epigastrium and left upper quadrant. No masses 
or borborygmi wero noted. Tho rest of tho physical examination, including a rectal examina¬ 
tion, was negativo. 

The impression on admission was that tho lesion might be a ponctrating poptic ulcer, 
or possibly acute pancreatitis. Spontaneous pneumothorax was suggested but ruled out by the 
examination. Gastric aspiration removed 150 c.c, of clear fluid, with free acidity of 10 
per cent and total acidity of 65 per cent. 

Laboratory studies showed a homoglobin of 78 per cent, subsequently rising to 100 
per cent, and a whlto blood eount of 13,500, with 72 per cent polymorphonuclear leucocytes. 
The urino wag negative and tho stools were guainc nogntive on several occasions. 

Conservative treatment was instituted, and & flat plate of the abdomen taken shortly 
after admission showed several loops of bowel in the left upper part of tho abdomen to be 
distended with gus. In addition, n pleural effusion was demonstrated at the left lung base. 
An abdominal puncture wns then done in the left upper quadrant, with removal of a droplet 
of fluid revealing a few polynuclear cells but no bacteria in spreads. Then chest aspira¬ 
tion was dono through tho ninth interspace in tho left posterior axillary line and from 10 to 
16 cx. of a whito milky fluid wore easily removed. It had no odor, and on smear showed a 
modorato number of colls, mostly lymphocytes In a fibrin network on a background of tiny 
globules. Sudan HI failed to stain these particles. Analysis of similar fluid removed subse¬ 
quently from the neck revealed a total lipid content of 1.4 per cent, demonstrating tho presence 
of chyle. 

Because of the thoracic findings, the patient was transferred to our service.* He was 
observed and showed rapid subsidence of the symptoms until only the cervical swelling re¬ 
mained. The latter was aspirated and chylous fluid was withdrawn. It again failed to stain 
with Sudan III. Culture revealed no growth. At this point one of us (H. N.) postulated the 
presence of a cervicomodlostinal lymphangioma extending into the posterior mediastinum, 
and tho subsequent procedures were carried out in attempting to establish this diagnosis. 

Aspiration of tho left chest no longer revealed fluid. Bronchoscopy was negative. The 
supraclavicular swelling had subsided, but despite this the area was reaspirated and 10 c.c. of 
the same milky fluid wore again removed. (The analysis of this fluid showed 1.4 per cent 
total lipids and 52 mg. per cent cholesterol.) With the needle In place, 10 cx. of iodized 
oil were Injected with the hope of outlining the postulated structure. Boentgenograms token 
over a period of two weeks showed migration of the iodized oil upward in tho root of the 
neck, laterally toward tho left axilla, and medially into the mediastinum. This movement of 
the iodized oil suggested its presence in preformed tissue spaces. 

The patient now was completely asymptomatic and afebrile, but a definite diagnosis ap¬ 
peared to be warranted from the viewpoint of possible recurrence, possible therapy and also 
prognosis. Thore was no suggestion of underlying neoplastic disease and stools were guaiac 
negative on several occasions. It was therefore decided to explore the left supraclavicular 
region. This was done Feb. 28, 1944. No chylous fluid was encountered, but deep behind the 
clavielo a diffuse fatty mass, slightly whitor tlian normal and with occasional vesicles inter¬ 
spersed, was encountered and partially removed for study. The subclavian vein and thoracic 
duct were not exposed. 

Tho microscopic examinatlont revealed areas of cystic dilatation with surrounding areas 
of lymphoid tissue ss seen in cystic lymphangioma. 

•We are Indebted to Dr. Ralph Colp for the privilege of further study and treatment 
of this patient, who was originally admitted to his service. 

tBy Dr. S. Otanl and Dr. P. Klemperer. 
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A third case of an 8-year-old boy reported by Huber and Silver 29 is also of 
interest. There developed a pronounced nasal discharge, malaise and fever, fol¬ 
lowed in one week by vomiting and anorexia, and four days later by abdominal 
swelling and scrotal edema. He bad ascites with edema of the back, thighs and 
scrotum. Several paracenteses removed milky fluid which contained fat oh 
chemical analysis. Exploratory laparotomy was finally done because of rapid 
reaceumulation of the ascites, and the intestinal lacteals were found generally 
dilated throughout the gastrointestinal tract, along with enlarged, spongy glands 
in the mesentery. To facilitate drainage of peritoneal fluid, several large strands 
of silk were thrust through the parietal peritoneum into the soft tissues of both 
tliighs and postoperatively the ascites did not recur. 

In summary of these three cases, a common sequence of infection, followed in 
from one to two weeks by an effusion of chylous fluid in the thorax or abdomen,’ 
is seen, and at the time of report, two patients had recovered, with the third im¬ 
proving. No definite etiology could be found in those with chest involvement, 
while at laparotomy in the last patient, generalized obstruction and dilatation 
were noted in the abdominal lymphatics and could have represented the result of 
an old inflammatory process causing obstruction. Therefore we might postulate 
a congenital lyinphangiomatous structure somewhere along the course of the 
thoracic duct in all three patients. 

The occurrence of lymphangiomas in the neck is well known as exemplified 
by hygroma cysticum colli congenitum. But these are not always confined to 
the neck. They have been found to extend through muscle planes of the chest 
wall, up toward the jaw, and down behind the sternum into the anterior 
mediastinum. Dowd 28 reported two cases of lymphangioma extending into the 
mediastinum (1913), Singleton 24 added two more, Watson and McCarthy 21 
mentioned their occurrence, and, most recently, Arnheim 22 reported two exten¬ 
sive cervicomediastinal lymphangiomas treated by surgery and injection of 
morrhuate. All of these cases were characterized by swelling -with or without 
pressure symptoms. 

SUMMARY 

1. There is reported a unique case of cervicomediastinal lymphangioma, 
presumably arising from the thoracic duct or some of its radicles, which rup¬ 
tured, causing a left chylotliorax. The problem of diagnosis is discussed. 

2. From a study of the case and a survey of the literature, a similar 
pathology and sequence of events in several previously reported cases of chylo- 
thorax of unknown etiology are postulated. 
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A MUSCULOPLASTIC INCISION FOR POSTERIOR THORACOPLASTY 

R. C. Brock, M.S * 

London, England 

T HE usual incision for posterior paravertebral thoracoplasty is carried 
straight down through the skin and underlying muscles to the ribs, making a 
J-shaped flap which is reflected forward. This method of making the incision 
has the following disadvantages: , 

1. It cuts-through the thick muscle mass formed by the trapezius and 
rhomboids in the vertical part of the incision (Fig. 3) and through the latissimus 
dorsi and part of the serratus magnus in the lower part. Such willful section 
of big muscles offends the surgical conscience. 

2. The hemorrhage,- even under local anesthesia, is often considerable, is 
always undesirable, and may be so large in amount as to constitute a definite 
added risk in a feeble patient. The posterior scapular artery, as it runs down 
from above on the deep aspect of the rhomboids, is variable in position and may 
easily be divided. 

. 3. That part of the muscles which lies between the incision and the spine 
must have its nerve supply cut, and almost certainly becomes atrophied-and 
fibrous. 

4. Much of this medial strip of muscle is indifferent material to hold a 
suture; the rhomboid layer Ls certainly of poor quality after division, and from 
the level of the fourth spinous process upward, the trapezius is aponeurotic 
and its fibers run largely transversely so that sutures obtain a poor grip. This 
medial strip of the aponeurotic portion of the trapezius probably has a poor 
blood supply and may easily undergo ischemic necrosis (Fig. 4). 

5. It is particularly in this highest part of the incision that the wound is 
likely to give way when the stitches are removed. If this happens, it nail usually 
be seen that the muscular layer had given way earlier, leaving the skin.to take 
the whole strain. 

6. H the wound does open, the direct superimposition of the skin and 
the muscle suture lines means that the extrafascial space is opened. - 

7. Although proper attention to the movements of the shoulder and scapula 
should result in no appreciable disability, it is difficult to believe that the muscles 
have not suffered permanent damage from the long incision. 

8. The incision through the muscles is repeated at the second stage with 
consequent infliction of further injury. 

For the last year I have been using a simple musculoplastic modification of 
this incision which seems to avoid most of these disadvantages. It is a simple 
and logical step and has proved very satisfactory in practice. 

description of incision 

The usual J-shaped incision is made down to, but not through, the muscles 
of the back. The vertical limb should be placed from two to two and one-half 

Received for publication Jan. 9, 1946. 
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fingerbrendths from tbc midlino. Tlie medial flap is now undercut as far as 
the midline for the whole length of the vertical limh; the undercutting is con¬ 
tinued into the first three to four inches of that part of the incision which curves 
forward, typically to just, beyond the anterior border of the trapozins muscla 
This undercutting is carried downward and medially for some two inches to 
expose tho lowast part of the trapezius to within two inches of its lowest origin, 
where it is little more than one and one-lmlf inches wide (Pig. 1). The most 
anterior part of the incision need not be undercut, but its lower edge should bo 
retracted before the Jntissimus dorsi is divided. Tho incision in the latissimus 
dorsi Is carried back to the lowest exposed portion of tho trapezius, and this 
muscle is then cut through transversely to the midline. A finger is next inserted 



Fig. 1.-—The vertical limb of the Incltion is shown undercut and retracted to expose 
the trapexlu* as far as its origin from the spine and spinous ligaments- Note how low tbe 
trapexius is divided. ‘ 

beneath tho trapezius, immediately next to the origin from the spinous processes, 
care being taken to separate the muscle from tho aponeurosis covering tho 
erector spinae mass, to which it may be modorntely adherent. With scissors or 
a knife, the trapezius is cut ns near ns possible to the spinous processes and 
intorspinous ligaments (Pig. 2). With the finger separating the muscle in front 
of it, tho division is carried right up to the top of the wound. The rhomboid 
muscles are, of conrsc, raised with the trapezius when they are reached, and the 
sormtus posterior superior rnny nlso lie included, or left on the ribs, if desired. 
In the lowest part of the incision, the muscular fibers of the trapezius come so 
near to tho midline that there is only a very narrow strip, barely 0.5 cm. wide, 
of aponeurotic tissuo to be divided (Pig. 3). Higher up, this aponeurotic origin 



TREATMENT OF SYPHILITIC ANEURYSMS BY CELLOPHANE 

WRAPPING 


J. Karl Poppe, M.D.,° and H. Renault de Oliveira, M.D. 

St. Louis, Mo. 

T HE surgical treatment of aneurysms still is an open field despite the 
various methods mentioned in the medical literature and even despite the 
modern surgical techniques available at the present time. According to Pearse, 1 
the surgical attempt at producing progressive obliteration of the lumen of the 
great vessels appeared in the nineteenth century. Even before Moore in 1864 
tried the wiling technique, small particles of metal were inserted into the 
aneurysm sac to encourage thrombosis. It soon became apparent that small, loose 
foreign bodies introduced into the aneurysm sac frequently escaped into the 
circulation, causing immediate death. The wiring of aneurysms then became 
popular and is still occasionally used. This consists of inserting from 30 to 200 
feet of fine silver or copper wire into the aneurysm sac. A galvanic current was 
sometimes passed through the wire to encourage thrombus formation. 

Dr. J. M. T. Finney, of Johns Hopkins Hospital, according to his personal 
communication to Emmert, 2 wired thirty-five aneurysms, with definite improve¬ 
ment reported in 50 per cent and no change in the other 50 per cent. It is in¬ 
teresting to note that while Finney reported that 50 per cent of the patients 
treated by wiring showed definite improvement, Babcock 3 mentioned statistics on 
thirty-nine patients treated by the same process at the Johns Hopkins Hospital, 
nearly 50 per cent of whom died in from one day to two months after wiring, 
and none of whom were known to be living at the time of Reed’s report in 1926. 
Wheeler 4 reported on three patients operated upon in 1910, 1917, and 1928, in 
whom a whisp or a cage of Colt’s wire was used; two patients survived four 
and eight years and one died three months after the operation from leakage of 
blood around the point of the wire into the aneurysm wall. This represents one 
of the most common and fatal complications following the wiring procedure. 
Even at the height of its popularity, the effectiveness of the wring technique 
was recognized as limited to the saccular type of aneurysm, which is much less 
frequent than the fusiform type. 

The anastomosis between the common carotid artery and the internal jugu¬ 
lar vein is a method of treatment of aneurysms of the aorta advised by Babcock 3 
but never very widely adopted. His procedure provides a by-pass which per¬ 
mits the blood of the aorta to escape to the lower negative pressure system of 
the vena cava. 

A number of methods and devices have been advocated for producing oc¬ 
clusion of large blood vessels, with unsatisfactory results in many instances. 
In addition to the ineffectual results and fatal complications accompanying the 

’ From the Medical and Surgical Chest Service of Barnes Hospital and Washington 
University. 
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use of ninny of these methods, almost nil of them, with ono or two exceptions, 
nre too trnumntic for application to n dilated, thin-wnlled syphilitic nnenrysm 
which is nliout to rupture spontaneously. These mothods of occlusion may be 
classified under three headings ns follows: (1) insertion of foreign bodies into 
the lumen of the vessels to produce thrombosis; (2) external compression of the 
vessel; (3) injuries to the wall of the vessel, resulting in fibrosis and constric¬ 
tion of the lumen. 

The results of insertion of foreign bodies into the lumen of tho vessels have 
nlrendy been described ns uppliod to the wiring of nnourysms. Tho method is 
applicable only to sneculnr aneurysms in which a current of blood is sufficiently 
sluggish to permit.the development of thrombosis. It also has an appreciable 
mortality from leakage about the point of insertion of the wire. 



Flff- 1.—Cross section of aorta of dosr ■wrapped for two week* with physiologically 
Inert 100 P.V. 000 type of cellophane. This aoctlon represents an almost normal aorta, 
since almost no fibrous tissue reaction is present* 


External compression of the wall of tho vessel has been arranged in various 
forms to provide progressively increasing pressure by means of a spring device 
or an adjustable clamp regulated from outside the skin. Examples of this 
metiiod are provided by the rubber tubo of Mntns, the Neff or Hnisted clamp, 
tho fascial strip and the Matas hand. Tho disadvantages of this method nre two¬ 
fold : first, the pressure atrophy and consequent disruption of 1 the vessel and, 
second, the tendency for infection to enter through the sinus tract. 1 

Most of tho methods advocated for causing fibrosis and constriction by 
injury to the wall of the vessel nre entirely too traumatic for consideration in 
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Flp. 6.—Two cross sections of aorta, lower right one of which was wrapped In poly¬ 
thene cellophane for two and one-half months. Note marked thickening of wall and de¬ 
creased diameter of lumen in comparison with untreated control area represen ed in left 
upper corner. 
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again (wo weeks Inter. A marked diminution of the murmur was noted two 
months Inter and complete disappearance, two and one-half months after its 
recurrence. No further recurrence of the murmur was noted in tho one and one- 
half years during which the patient was followed. Similar reports arc occurring 
more and more frequently in the medical literature. However, some dissatis¬ 
faction has been noted among somo other surgeons who have used cellophnno in 
attempting to obliterate the vessel lumen in eases of patent ductus arteriosus. 



Flff* 7.—Roentgenogram of chart, porteroanterior view. Illustrating funiform aneurysm of 
descending aorta, which wtu wrapped with polythene cellophane. 

In direct contradistinction to the woi'k of Page, Pearso, and Harrison and 
associates are the results of another group who considered cellophane as a 
physiologically inert substance suitable for application and insertion into areas 
of the body in which a foreign body reaction qnd adhesions would be very un¬ 
desirable. Donati 11 was tho first to demonstrate this inert property of cellophane 
in 1936. Regular commercial cellophane, r 02f mm. in thickness, was used to pre¬ 
vent adhesions between the brain and skull, with evidence of no greater irritation 
than that caused by other materials. The cellophane was found close to tho brain 
after thirty-five days with no irritative i’ehction surrounding it Later, Mc- 
Kcover 13 used cellophane in the treatment if arthritis. He used type 300 P.U.T. 
71 and concluded, as did Donati, that uo reaction is caused by cellophane for at 
loast two months after operation. This impression wns confirmed by microscopic 
studies of a section of tissue taken from the vicinity’of the cellophane in the 
injured knee. 
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McKeever, stating, “In this series of +T , l° m f S ' Agam he agreed with 
by cellophane in any way.” He had also n ° lrritation of issues 

suture and believed that irritation did tiie matenal as a nonabsorbable 

or at any subsequent Ze ^ 0GCUr «*** operation, 



Fig. 8.—Roentgenogram, left lateral view, of chest shown In Fig. 7. 

These various physiologic reactions of cellophane exhibited diametrically 
opposite properties. On one hand, cellophane represented an inert substance 
producing practically no foreign body reaction when left in the tissue and, on 
the other hand, inducing a violent fibrous tissue reaction resulting in fibrosis 
and contraction. This led to the conclusion that different varieties of cellophane 
produced entirely different physiologic reactions, depending upon the chemical 
structure of the material. Before any satisfactory clinical application could 
be made of the properties of cellophane to produce a constrictive fibrosis, a dis¬ 
tinction was needed between the physiologically inactive and reactive types of 
cellophane. For that reason, a series of animal experiments was conducted on 
dogs, in which five different basic types of cellophane were used. 

An investigation of different types of transparent films* revealed that only 
a few chemically different basic types are used. The large number of varieties 

•Supplied through the courtesy of the E. I. du Pont de Nemours and Company, Cello¬ 
phane Division, "Wilmington, Del. 
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is produced l>y combinations of these busie types with a wide variety of coat¬ 
ings to satisfy the packaging or other functional requirements of various in¬ 
dustries. These coatings provide such quality characteristics ns resistance to 
moisture vapor transmission in various degrees, heat scaling, packaging machine 
running qualities, etc. Some of these coatings resist the action of free water, 
whereas others do not. For these rensons, basic types of cellophane, or other 
films, have been used in most of these experiments with tile results presented in 


T*r£ OF FHAl CHARACTERISTIC!* 

Colloplmno Oolinloxe hydrate; nonmoijturo proof; liuolu- 

30U P.U.T. 71 htc in mitor nnd dilute ncids 
300 1\T. 02 -i 

P.V. film . . PolyvinvJ alcohol; vntrr soluble 
100B P.V. 000 


Polythene 11 
1JS mil . 
Cellulose acetate 
250 G.X. 40 


Insoluble in wntor nnd dilute ndd# 

IXlglOy purified cellulose ncotato film;.insoluble 
in water nnd dilute nelds * 
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_ reaction- 

Little reaction 


Littlo reaction; tech¬ 
nical difficulties due 
to solubility of film 
Marked fibrous re¬ 
action 

Little reaction 


EXPERIMENTAL TECHNIQUE. ON DOGS 


Undor nembutal anesthesia, a long, loft pararcctus incision was made from 
the costal margin downward. The abdominal aorta was exposed and froed 
throughout its entire length, preserving its major branches. Strips of double 
thickness cellophane of different varieties, each about one-half inch in width, 
were then passed around different sections of the aorta. Only two or three 
different strips were used on any one animal to provide a wide space between 
the different varieties of cellophane and to avoid overlapping of reactions. These 
different types of cellophane were carefully diagrammed ns to location on each 
animal to assure accurate interpretation of the renction at autopsy. A major 
branch of the abdominal aorta was used to separate tbo different strips to pre¬ 
vent their slipping together. The two ends of oach strip wore sutured together 
with fine silk to hold the ring of cellophane loosely around the aorta. The 
peritoneum was then closed loosely over tho aorta and retroperitoneal space nnd 
the abdominal wall was closed. 

Comments .—The abdominal aorta was used in preference to the thoracic ‘ 
aorta to eliminate the complications involved in providing positive intratracheal 
pressure to avoid pulmonary collapse. An unsuccessful attempt was made to 
produce sclerosis by painting the aorta with roso aniline dye similar to that 
used in the man ufacture of indelible pencils, which is known to have produced 
a marked fibrotic reaction. This proved fatal due to the production of extensive 
necrosis of the liver and spleen. The period of observation in two of the animals 
was shortened by the development of an infection in one, apparently due to con¬ 
tamination at operation, and by distemper in another. 

Results. _A very marked fibrous tissue renction surrounding the section 

of aorta in close proximity to the polythene variety of cellophane was noted in 
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Wheeldon 13 performed approximately fifty operations of arthroplasty, using 
300 moisture-proof cellophane as the lining of joints. Again he agreed with 
McKeever, stating, In this series of eases there has been no irritation of tissues 
by cellophane in any way.” He had also used the material as a nonabsorbable 
suture and believed that irritation did not occur immediately after operation, 
or at any subsequent time. 



Fig. 8.—Roentgenogram, left lateral view, of chest shown in Fig. 7. 

These various physiologic reactions of cellophane exhibited diametrically 
opposite properties. On one hand, cellophane represented an inert substance 
producing practically no foreign body reaction when left in the tissue and, on 
the other hand, inducing a violent fibrous tissue reaction resulting in fibrosis 
and contraction. This led to the conclusion that different varieties of cellophane 
produced entirely different physiologic reactions, depending upon the chemical 
structure of the material. Before any satisfactory clinical application could 
be made of the properties of cellophane to produce a constrictive fibrosis, a dis¬ 
tinction was needed between the physiologically inactive and reactive types of 
cellophane. For that reason, a series of animal experiments was conducted on 
dogs, in which five different basic types of cellophane were used. 

An investigation of different tjqies of transparent films* revealed that only 
a few chemically different basic types are used. The large number of varieties 

♦Supplied through the courtesy of the E. I. du Pont de Nemours and Company, Cello¬ 
phane Division, Wilmington, Del. 
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nt a thin, soft, spot on its anterior wall where it ruhlied against the posterior 
surface of the sternum with eaeli pulsation ami respiratory cycle. These other 
aneurysms extended to the right and caused mnrked distortion of the surround¬ 
ing structures, particularly the superior vena cava and trachea. These struc¬ 
tures required separation from the distorted aorta following incision of the 


medinstinul pleura. The sheet of cellophnne was then slipped under the su¬ 
perior vena cava and the mediastinal pleura was drawn bolweon the cellophane 
and vena cava to separate them and mince the effect of the cellophane on the 
vena cava. Somo difficulty was occasionally encountered in procuring.sufficient 
mediastinal plcurn to completely cover the cellophane. The most satisfactory 
wav to avoid the contact of the surrounding structures with this extremely 
reactive polythene film seems to lie to cover it with a layer of less renetive cello¬ 
phane, such ns 300 P.U.T. 71, 300 P.T. G2, or one of the moisture-resistant 
varieties. Further aniinnl experiments are 1 icing carried out nt the present 
time on refinements in technique, this representing a preliminary report. 


Polytheno film was also used recently for the ligation of a leeunulated 
ductus nrtcriosuR in a H-ycnr-old colored girl with subacute bncterinl endo¬ 
carditis in whom the patent ductus hnd been ligated four years previously with 
cotton umbilical tape. Any attempt nt transection of this poorly accessible 
BotaUo s ductus, which was firmly bound down in senr tissue, would have been 

'TT M d fa *“ ; ThC l,SC ° f n renclivc *>•!><* of cellophane in this case pra 
present Ue r f lt « faetor ^ solution to a difficult problem. This would seem to 
present a satisfactory motlmd of treating all patent dneti and a much less 
dangerous one than transecting such sliort and broad vessels between damns A 
certain amount of caution Ls necessary, however to keen tt,„ u ? 1 - A 

from the recurrent laryngeal nerve P ° C ° 1)ophane away 


CONCLUSIONS 

1. The use of polythene cellophane scorns to nflw „ „ 

gradual fibrosis and obliteration of aneurysms and largo vcsselT^" me,h<>d ° f 

2. Experimental studies reported hero have shown that in , ' 

tain tho desired result, it is necessary, to use a particular tvn f <0 ° b ' 
since some varieties produce no fibrosis. ‘ • of ce b°phane, 

3. Polythene cellophano has been found useful not only in tl 

aortic aneurysms, but also in the obliteration of a patent dnetmj treatment 
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CYSTIC DISEASE OP THE LUNGS AND ITS RELATIONSHIP 
TO BRONCHIECTATIC CAVITIES 


A Study op Twenty-Two Cases 

James A. Dickson, M.D.,* 0. Theron Clagett, M.D. f 
and John R. McDonald, M.D4 
Rochester, Minn. 


A WIDE variety of names has been given to the condition commonly known 
as cystic disease of the lungs, These various terms indicate the different 
views which have been held as to the genesis of the cysts found in the lungs. 
Some of the more common names are pulmonary cysts, bronchogenic cysts 
congenital cystic disease of the lungs, pneumocysts, honeycomb lung, solitary 
and balloon cysts of the lungs and pneumatoceles. 


The term cystic disease of the lung, it seems to us, can be used for all 
abnormalities of pulmonary tissue in which cysts or cystlike structures are 
found, regardless of pathogenesis. It includes "cystic” bronchiectasis which 
refers to the rather large cystlike cavities sometimes produced by bronchi¬ 
ectasis but not to the ordinary cylindrical and saccular forms of bronchiectasis, 
mediastinal cysts of bronchiogenie type, nor to such specific entities as para¬ 
sitic or hydatid cysts, tuberculous cavities, ordinary pulmonary abscesses with 
little or no attempt at epithelization of cavities or cavitary bronchogenic car¬ 
cinoma. By broad definition, all pulmonary cysts or cystlike cavities may be 
considered forms of bronchiectasis; however, cystic disease of the lungs has 
commonly been considered a separate condition and is so regarded in this paper. 

In this paper, too, the term congenital bronchiectasis has been avoided in 
connection with the cysts included under cystic disease of the lungs because it 
seems to Us that its use has a tendency to confuse the issue. In our present 
state of knowledge, it is probably better to use the term congenital bron¬ 
chiectasis only for what is believed to be the rare forms of bronchiectasis, 
which presumably are present from birth. 


HISTORICAL ASPECTS AND REVIEW OF THE LITERATURE 


Cystic disease of the lungs undoubtedly existed for many years without 
being recognized. As far as can be determined, no reports of pulmonary cysts, 
as such, appeared prior to the seventeenth century. The earliest report of 
cystic lungs was probably that by Thomas Bartholinus; a translation of his cases 
from the Leyden edition of Malpighius, in 1687, may be found in the article of 
lecent years by Ougliterson and Taffel! 

One of the best of the early twentieth century American descriptions of 
this condition was that by Koontz 2 in 1925, who was able to collect 108 cases 
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from tlic world literature. Ho reviewed the findings nl necropsy ns reported 
in the literature and reported a case of his own. In the report of this ease he 
included n detailed description of the pathologic changes. 

Since 1925, the number of reports of enses of cystic disease of the lungs 
has increased greatly both in Amcricn and Great Britain. Among American 
writers, Wood nnd others, 3 ' 7 Schenek*' 0 and Mnicr 10 ' 11 recently have been out¬ 
standing contributors to knowledge of this condition. Among the British 
authors of recent times, Smith, 13 Sellors, 13 Willis’* nnd Willis nnd Almoydn’ 3 
have been prominent in the investigation of this condition. 

Although cystic disenso of the lungs is considered rare, Schenek,• in 1937, 
stnted that a total of 381 cases of cystic disonso of the lungs had been reported 
smeo the original description. Wood," in August of the snmc year, added 
forty-eight cases in which tlio patients were seen at the Jrayo Clinic. Within 
recent yenrs, many excellent reports have nppenred nnd the condition is being 
diagnosed with increased frequency nnd necnrncy. 

CLASSIFICATION' OK CYSTIC DISEASE OF TITE LUNGS 

The following working classification is ottered for cysts found in cystic 
disease of the lungs: 

I. Tho true developmental or so-called congenital cysts of 
the lungs (some of the bronchogenic cysts or bronclioalveo- 
lar cysts) 

IL Acquired cysts or cystliko cavities of tho lungs 

A. “Cystic” bronchiectasis 

B. Other pulmonary cysts or cystliko cavities 

1. Pneumatoceles 

2. Abscess cysts 

3. All other pulmonary cysts, including some 
bronchogenic cysts (these pulmonary- cysts 
predominantly result from infection, trauma 
[penetrating wounds of chest], noxious gases, 
homorrhagic effusions and other contributory 
factors or combination of factors) 

4. Emphysematous blebs 

5. Emphysematous bullae 

True developmental or so-called congenital cysts of the lungs arc an im¬ 
portant type of cyst. In addition to being located in the pulmonary par¬ 
enchyma, they sometimes are found near or attached to the bifurcation of tho 
trachea or to a main stem bronchus. The essential histologic feature of this 
type of cyst lies in the uniformity of the lining membrane which maintains the 
regular character of tho bronchial epitholium (Pig. 1). In contrast to the reg¬ 
ularity of arrangement of the bronchial opithelium is the disorderly arrange¬ 
ment and the erratic grouping of the supporting structures of the wall which 
is of the bronchial type. Cartilage, smooth muscle, elastic tissue and smooth 
glands are arranged irregularly. This arrangement is i n marked contrast to 
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the orderly arrangement of these structures associated with simple dilatation 
of a bronchus. An extreme variability in location and number of these fea¬ 
tures is almost characteristic of the developmental cyst. One or another of 
the stromal elements in these developmental cysts may be absent, or one of 
these elements may be prominent or even hyperplastic and, in a few instances, 
a picture almost like that of true neoplasia may result. 

Of the acquired cysts, “cystic” bronchiectasis will be considered in detail 
in Table I, and the only other type which needs special mention is the pneu¬ 
matocele. The pneumatocele has no epithelial lining and therefore may sub¬ 
side spontaneously. The distinction between “cystic” bronchiectasis and 
other acquired and congenital pulmonary cysts is difficult. The criteria given 
in Table I are of value in the histopathologic differentiation of “cystic” bron¬ 
chiectasis from other cysts included under cystic disease of the lungs, espe- 
cialty the cysts of developmental or congenital origin. 



Fig. 1.—Portion of cyst wall shows the bronchial type of lining. l' he . 
glands may be seen, as well as a portion of cartilage beneath the mucous glands (hematoxylin 

and eosln XS5). 


STUDY OF TWENTY-TWO CASES 

Twenty-two surgically treated patients with cystic disease of the lungs from 
whom tissue has been removed at the Mayo Clinic were selected for this study. 
No cysts of the mediastinum were included in this study although developmental 
or so-called congenital cysts of bronchial type do occur in the mediastinum. 
Each case was reviewed from the clinical standpoint and an analysis was ma c 
of the outstanding features. A detailed study also was made of the histopatho¬ 
logic features. Blocks were cut from the walls of each cyst and sections were 
prepared for microscopic study with hematoxylin and eosin stains m all cases; 
special stains, such as van Gieson’s and mucicarmme, were used m selected 
cases The character of the cyst lining was noted particularly. In addition, 
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Tavlt: I. CoMtwKiKQN- of Vatiuuxkhc KiiATrnnfl of “Cystic" TlruiNomroTAKirt and Aij* 
Orimt Tyfkh of Cystic !)isn.vsn of run Ln.vo 


Sire of rvpts 


I-ocatlnn of 
evstn 
Type of 
bronchial 
communi¬ 
cation 


Usual relation 
of cyst? to 
bronchi 

Btato of fom- 
municating 
or ftiHoel* 
atcd bronchi 
Condition of 
pulmonary 
parenchyma 
surround¬ 
ing cysts 
‘ Microscopic 
findings in 
cyst cavities 


1 CYSTIC M imOSCHIFCTASm 


CYSTIC MHKAHH OF THK MINOS lKCMIDIKO 

ri>N*<IKMTAl« OH PKVin^rMHNTAI. OYBTH 


Usually small, measuring from 
2.0 to 3,5 or 4 rrn. in diam¬ 
eter, hut may 1*» larger 
Most frequently but not nlwnya 
in Imsilur lottos 
11 rone hi always involved nnd 
communicating with process; 
always enter cystic cavity di¬ 
rectly 


Cvstlike cavities are part of 
bronchloctntio process and 
arc concentric to involved 
bronchi 

Communicating bronchi always 
show dilatation nnd thicken¬ 
ing of wall 


Usually measures more tlmn from 3 to 4 cm. 
in diameter and may reach huge dimen¬ 
sions 

Any place in lung or even in aberrant or 
accessory pulmonary tissue within thorax 

Bronchi mar or may not enter cyst directly; 
bronchial communication im’iv Ik* small 
and imperfect hut is ummfly present 
(rarely nl>sent) nnd niny Ik? found on 
careful gross or microscopic examination 
(sometimes serial sections are needed to 
show it) 

Cysts are not part of n bronchiectntic proc¬ 
ess hut bronchiectasis niny develop poc- 
ondnrilv; cysts are placed eccentrically Jn 
relation to bronchi 

Communicating bronchi may lie normal, di¬ 
lated or contracted 


Usually considerable chronic Not infrequently normal or minimal inflam- 
pneumonitis with or without matorv process bat occasionally clironic 
utolectasis pneumonitis; ntoleetnsls is often present 

nbout cyst 


Marked inflammatory process 
with irregular roughened lin¬ 
ing; lining epitliellum may 
bo lost or ulcerated but thore 
Is n renmrknlile retention of 
epithelial lining; Btromal elo- 
meats show a regular ar¬ 
rangement or pnttom 


Lining epithelium is usually of bronchial 
typo (strutifled columnar epithelium with 
cilia present); in majority, bronchial ele¬ 
ments in stronm are arranged erratically 
and these frequently show hyperplasia 
(sometimes .to a considerable degreo); 
some forms of cyst may Jmve no epithelial 
lining nnd wall may lie thick, fibrous and 
very inflammatory 


the presence with the relative amount or absence of the following features 
was given consideration: inflammatory reaction, cartilage, mucous glands, 
lymphoid tissue, smooth muscle, elastic or fibrous connective tissue, vascularity, 
pigment, giant cells and the alveolar tissue. 

The cystic disease of the lungs in these twenty-two patients could bo classi¬ 
fied into three groups as follows: developmental or congenital cysts in twelve, 
acquired cysts (including “cystic" bronchiectnsis) in six and indeterminate 
cysts in four. 

The final classification was arrived at by giving precedence to that feature 
of the ease which seemed to he predominant- The largest group of cases was 
classed among the so-called congenital or developmental cysts. All of the cysts 
of this type had a definite bronchial type of lining. In the four patients in 
whom the cyst was of an indeterminate type, the lining was of an indetermi¬ 
nate type or simply fibrous iu character. Also the elements of the stroma 
■within the cyst wall did not suggest bronchogenic origin so that the condition 
in the four patients was classified in this way by necessity. 

A summary of some of the important pathologic features in the twenty- 
two cases of pulmonary cysts may be seen by referring to Table IL ilost of the 
cysts had a bronchial communication. Infection was present within the cyst iu nil 




Table tt. Some Of the Features in Twenty-Two Surgical Cases of 
Cystic Disease of the Lungs 


CASE 

AGE 

(YR.) 

LOCATION 

OF CYST 
WITHIN 

LUNG 

1 

38 

Azygos lobe 

2* 

38 

Right upper 
lobe 

3 

21 

Left lower 
lobe 

4 

34 

Left hemi- 
thorax 

5 

12 

Right upper 
and middle 
lobes 

0 

26 

Right lower 
lobe 

7 

47 

Right lower 
lobe 

8 

7 

Left upper 
lobe 

9* 

13 

Azygos lobe 

10 

25 

Right upper 
and middle 
lobes 

11 

26 

Left upper 
lobe 

12 

30 

Right lower 
lobe 

13* 

27 

Right upper 
and middle 
lobes 

14 

28 

Upper one- 
third of 
left hemi¬ 
thorax 

15 

18 

Right lower 
lobe 

16 

43 

Left lung 

17 

39 

Right upper 
and middle 
lobes 

18 

36 

Right lower 
lobe 

19 

29 

Right lower 
lobe 

20 

45 

Left lower 
lobe pe¬ 
ripherally 

21 

15 

Left upper 
lobe 

22 „. 

20 

Right upper 
and lower 
lobes 


extent of 
INVOLVEMENT 


BRON¬ 

CHIAL 

COM¬ 

MUNI¬ 

CATION 


CONTENTS 
OF CYST 


LINING OF CYST 


tentative 

CLASSIFICATION 
OF TYPE OF 
CYST 


From one-half to two- 
thirds of right upper 
hemithorax 

Upper one-third of 
right hemithorax 

Limited to left lower 
lobe 

Practically all of left 
hemithorax 


Right upper and mid¬ 
dle lobes 

Portion of right lower 
lobe 

Right lower lobe 


lobe 

’ortion of right up 
per hemithorax 
tight upper and mi 
die lobes 

Left upper lobe 

dost of right lower 
lobe 

tight upper lobe an 
portion of middle 
lobes 

Jpper one-third of 
left hemithorax 


right upper and mid¬ 
dle lobes 

Right lower and por¬ 
tion of right upper 
lobe 

Portion of right lower 
lobe 

Not significant 


Left upper lobe 

Dorsal portion of 
right lower and small 
portion of right up¬ 
per lobe__ 


Yes 

No 

Yes 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

No 

No 

Yes 

Yes 

No 

Yes 

No 

Yes 

Yes 


Pus 


Thick, 

brown 

fluid 

Mucopus 

Chocolate- 

colorod, 

thick 

material 

Mucopus 


I Bronchial type 
Bronchial type 

Bronchial type 

Flat-celled indeter¬ 
minate type 

Bronchial type 


Mucopus 


Pus 


Mucopus 

Mucoid 

material 

Pus 


Dark, 

clotted 

blood 

Mucoid 

material 

Hemor¬ 

rhagic 

mucopus 

Mucoid 

material 


Mucopus 

Mucopus 

Mucopus 

Mucopus 

Mucopus 

Tiiin, 

cloudy 

fluid 

Mucopus 

Mucopus 


Bronchial type 
j and squamous 
epithelium 
[Bronchial type 
[ and squamous 
I epithelium 
I Indeterminate type 

Bronchial type 

Bronchial type 

Fibrous inflammatory 
wall 

Bronchia] type 

Bronchial type 


Indeterminate type 
with flat cells 


Bronchial type 

Bronchial type 
and squamous 
epithelium 
Bronchial type 


Squamous epithelium 
and bronchial type 

Bronchial type 

Fibrous inflammatory 
wall 

Bronchial type 

Fibrous inflammatory 
wall with ulcera¬ 
tion of bronchial 
epithelium__ 


(Developmental 
Development al 


Developmental 
and acquired t 
Indeterminate 


Developmental 


Developmental 
and acquired f 

[Developmental 
and acquired) 


Indeterminate 

Developmental 

Developmental 

Indeterminnte 

Developmental 
Developmental ■ 

Indeterminate 

Developmental 

Developmental 
and acquired t 

Acquired 

Developmental 

Acquired 

Acquired 

Acquired 

Acquired 


rials. 


•No infection within the cyst In text as developmental 

^Developmental features predominant; therefore considered in text as 
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but three cases. In none of the twenty-two patients in this series wits there 
any evidence that bronchogenic carcinoma lmd its origin within the wall of 
one of these benign cysts. 

One case hns been selected as being fairly illustrative of nil clinical and 
surgical features in the twenty-two eases of the pulmonary cysts and is pre¬ 
sented in detail. 

Cake 18 (TnWc II).—A woman, .'*0 yenrs of ago, eomplnlnod of cough, productive of 
thick, purulent sputum, lion opt j*ni m nnd frequent colds. These symptoms had been present for 
six yearn. Onset lia»l followed pneumontn. The patient wbs in M for eleven months nt the 
time of Hie first attack and lmd lmd sovcral pulmonary hemorrhages since the Initial onset. 
Her disability Itcefiuso of symptom* previously mentioned and fatigue was considerable. 
Physical examination nt the clinic revealed elevation of the right ride of tho diaphragm and 
decreased lircath sounds over the tmeo of the right lung. Multiple roentgenologic examinations 



Pig:, 2.—Lame pulmonary cyst occupying the greater portion of the right lower lobe of tho 

lung. 

revealed a tumor of tho lower lobe of the right lung posteriorly, wliicli apparently was con¬ 
nected to the mediastinum. The roentgenologist considered the possibility of a broncho¬ 
genic cyst. The sputum was repeatedly negative for tubercle bacilli. Bronchoscopy was per¬ 
formed, at which time it was noted that pus was coming from the apical branch of the 
bronchus of the right lower lobe- Operation was recommended because of the failure of con¬ 
servative measures to give relief. A primary right posterolateral Incision was made May 
1 1944, and a long segment of tho sixth rib was resected. A large cyst was palpable in tho 
upper portion of the lower lobe. The inflammatory reaction was marked around the cyst and 
extended into the adjacent portion of the upper lobe. An attempt wns made to establish a 
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line of cleavage between tlie upper and lower lobes but, in doing so, the cyst was ruptured and 
considerable contamination resulted. The cyst was largo, measuring about 8 or 9 cm. in 
diameter, and contained some foul debris. Dissection and individual ligation of the hilar 
structures were carried out and tlie right lower lobe was removed. Closed drainage was 
instituted. Bronchoscopy was performed at the end of the operation. The operative diagnosis 
was infected cyst of the right lung. 

Gross examination of the tissue removed (Fig. 2) revealed a large cyst in the lobe of 
the right lung. The excised right lower lobe was largely occupied by the cyst, which measured 
i by i by G cm. and was located in line with the bronchus to the right lower lobe. On gross 
examination no communication was found between the bronclii and the cyst. The bronchial 
radicles were compressed by the cyst. The lining of the cyst was rather smooth and the sur¬ 
rounding pulmonary tissue was atelectatic. On microscopic examination the cyst was lined 
with pseudostratified columnar epithelium of the bronchial type, with a ciliated border in some 
places, but a large portion of the sections showed a squamous type of epithelial lining. Con¬ 
siderable inflammation was present in the wall of the cyst with ulceration of the lining. Carti¬ 
lage and smooth muscle were noted in the wall of the cyst. Mucous glands were numerous and 
fibrous connective tissue was a prominent feature of the stroma within the wall. A small 
amount of lymphoid tissue was present. Small and large blood vessels were abundant 
throughout the wall of the cyst. Anthracotic pigment was noted within the pulmonary 
parenchyma surrounding the cyst. Tlie parenchyma also showed chronic pneumonitis. After 
operation, secondary anemia and empyema developed. The empyema subsided after open 
operation by one of us (O. T. C.). Follow-up ex-nmination revealed that the surgical result 
was. satisfactory. 

COMMENT 

From this study there appear to be many factors in the etiology and patho¬ 
genesis of cystic disease of the lungs which may he impossible to determine in 
a given case with any degree of certainty. Developmental factors, infection 
with its sequelae, mechanical and physiologic factors are all concerned as 
sources of origin of these pulmonary cysts. It appears unlikely that these cysts 
can be classified with assurance as being totally congenital (developmental) or 
totally acquired. For example, the so-called congenital cysts may be influ¬ 
enced profoundly by acquired factors and a cyst that is thought to he acquired 
may he influenced a great deal by the presence of a malformation or develop¬ 
mental anomaly. In our present state of knowledge, it does not seem possible 
to state whether a small, actnal or potential cyst may exist at birth and may 
be detected for the first time later in life. Some developmental or congenital 
cysts have been reported as developing during life and, on comparison with 
previous roentgenograms, were not present earlier in life. The acquired na¬ 
ture, however, may have been only apparent and not actual. On the other 
hand, some pulmonary cysts do appear to be predominantly acquired. The 
large size of the pulmonary cyst, the eccentric position of the cyst in relation 
to communicating bronchi, normal communicating bronchi, a bronchial Avail 
Avith erratic arrangements of stromal elements and hyperplasia of the lattei 
suggest a developmental or congenital origin. The developmental or so-called 
congenital origin is more certain in cysts found in accessory or aberrant pul¬ 
monary tissue, or in mediastinal cysts Avith a bronchial type of wall. 

Cystic disease of the lungs may be extremely variable in regard to the size, 
location and the resulting complications of the cysts. The pathologic picture 
at operation may be simple and uncomplicated, or it may be bizarre m the 
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presence of hemorrhage nnd infection within the cyst nnd tlieir resulting coin- 
pfientions. The presence of pulmonary cysts nnd their enniplicnlions niny pro- 
fountlly niter intnithoriicic physiology. Accessory or nbcrrnnt lobes of the 
lunps mny he nssoeinteil with nnomnlous vessels unci hoth nre occasionally en¬ 
countered in conjunction with cystic disease of the lunps. The bronchial com¬ 
munication present in cystic disease frequently results in the pntient’s coming 
to the attention of the surpeon. 

Diagnosis .—The symptoms of evslie disease of the lunps arc protean nnd 
arc lnrgely dependent on the size of the cyst, its location nnd the presence 
or absence of a bronchial communication. Hemoptysis or even severe pul¬ 
monary hemorrliapc is not an uncommon symptom in cystic disease of the 
lunps. Hemoptysis nnd even Severn hemorrhapes were present in sixteen of 
tho twenty-two patients in this series. A multitude oT complications occurring 
with cystic disease of the lunps mny simulate most any condition found in 1 he 
chest. Pulmonary tuberculosis nnd bronchogenic carcinoma may coexist with 
cystic disease of the lunps. Pulmonary tuberculosis is a diagnosis which has 
frequently been made in these eases; the condition of a number of patients 

in our group had been so diagnosed nnd they had even spent long periods in 
sanatoria. 

An accurate diagnosis of cystic disease of the. lunps is lnrgely dependent 
upon adequate roentgenographie examination of the thorax. It is felt that 
irone oscopj is of definite value, especially for Hie. patient who is to he treated 
sur^ica y, o rule out nnv possibility of other bronchial lesions. Occasionally, 
an accurate diagnosis can he arrived at only by exploratory thoracotomy. 

' ih t ™ crcn ^ n l diagnosis, consideration must bo given to almost all 
lntrathorqeic neoplasms, pulmonary abscess, localized empyema, fulierciilous 
cavities, hydatid cysts and diaphragmatic hernias. Some eminent thoracic 
surgeons have admittedly treated what they thought originally was localized 
empyema only to discover, after failure of the cavity to become obliterated, 
that they were dealing with true pulmonary cysts. 

Surgical ilanagcmcni. —Sctlors' 5 lias pointed out how poorly the condition 
has been treated in the past and remarked that "tho treatment of cystic disease 
of the lungs docs not mako satisfactory rending, nnd tho number of enses that 
have been aspirated or drained without further attempt at cure shows how iittlo 
tho condition is understood.' ’ 

Tho ideal treatment for cystic disease of the lungs is complete operative 
removal of tho eystie portion of the lung with conservation of ns much normal 
functioning lung as possible. Local excision is only occasionally feasible, os in 
a ease in which the cyst mny be attached by a narrow pedicle or loosely at¬ 
tached to the parenchyma of the lung. Most frequently it is far better to 
excise tho entire cystic portion of lung if the distribution mnkes this possible 
nnd provided all other indications for such excision have been met. Drainage 
of the cysts and other supplementary operations, such ns collapse procedures, 
usually are not satisfactory. Age appears to be no contraindication to surgical 
treatment. Operative treatment is being performed in the majority of these 
patients with safety, hut, in some, the presence of complicating factors makes 
operation hazardous. 
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THE MANAGEMENT OP THORACIC AND THORACOABDOMINAL 
WOUNDS IN THE FORWARD AREAS IN THE SICILIAN 
AND ITALIAN CAMPAIGNS 

M.vjoit Lawrence 31, Sheets. San Antonio, Texas, 
ano Captain Ernest A. Doun, New York, N. Y., 

Medicai. Coki-s, Army of the United States 

T HE purpose of this pnper is to reimrt the immediate results mid analyze tlie 
methods employed in the management of thomric nnd fhoracofllHlominal wnr 
wounds in the fonvnrd nrens. This work was done by n surgical team of the Sec¬ 
ond Auxiliary Surgical Group during n twenty-month period, commencing with 
the invasion of Sicily. The employment nnd functions of surgical teams of an 
auxiliary surgical group have iieon described by Forsco. 1 Tiro hundred patients 
suffering lntrnthomcic mid thoracoabdominal wounds treated in a first priority 
surgical hospital (a platoon ol a field hospital located in physical conjunction 
r' / C carinf \ stal,on a "<J receiving severely injured casualties who 

r n ,! dH n il C . lran rr farthCr ,0 " ,e ™ r ' *«»'<"« tlmn the rear of 

for 11 ,^ ?.^ ° r m ' cvac, " 1,ion J |0s pi ( nl constitute the principal basis 
to th eH a t f "ST 'T ' ril ' ** "I 10 ™- ”> ™mds were limited 

will nl' h! ’ nnc ’ x : ,n,,nnsi,l > of ln, ratlioincic to spinal coid injuries 
, Duri " e t,IR '" on, - v ‘he team functioned as a 

for the mmnim , ° r 0,1< \* ia * f ** 10 Period mid as a general surgical team 
juries am K W ' ^ 1,r “Pen’ence lias led us to lielicvo that intratiiorncio iu- 
dmntnni ,• ° 1 C comn .'°" ,,lfln intra-abdominal wounds nnd that tlioracoab- 

\rith nlnnwti >Uh V mKtUatc approximately onc-quuvtcr of all thoracic injuries 
of ,™Lj^ involvement. The patients treated incurred the follouiug types 
cpnf 1 n Jr ,>S f ' Clr maJ0t ' iiijnrj"- 8-1 (42.0 per cent) penotrnting, G1 (30.5 per 
in- n-n 'fio" 11 ,n ^’ aU< ^ ^ (21.5 per cent) thoracoabdominal. The total mortai- 
" , a .? ' t laa a 01 * 1 - (18 deaths). Excluding the thoracoabdominal wounds, the 
_‘ J i t >C 145 mtratborneic oases was 0.2 per cent (9 deaths). 

e length of time during which the patients were retained under our im- 
ice mfe observation is of interest beenusc, with early surgery possible, the ma- 
jonty of the nontrmisportable patients soon becamo transportable. Patients 
with thoracic wounds were retained in the hospital an average of seven days 
tlm_shortest fonr days and the longest fourteen days. The thoracoabdominal 
PRtionts wore kept an average of ten diivs, the shortest eight days nnd the long¬ 
est nmoteen days. Tho presence of concomitant major wounds was he cause 
of retaining patients longer than the nvorogo periods 

of ovaeunting tho patients to a hospital in the bnso section, tQ nrr j vo 

tenter as soon ng they were safely transportable cm ' ^ thorB ^ e surgeons 

rn good condition and placed them in the care i 1 riod 0 f their ilbioss. - 

for any further treatment required ,‘ m0 |- ntc ^.Ihs, and tho mortality 

Therefore, this report cmphas.^onlj tl gf subscqnent complications 

rates presented stand unconnected for do P , g asscnti al, however, to note 
end for tho lotlmlity of concomitant wound . ote 

Moy 18 J 6 - 
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that 42.5 per cent of the 200 patients incurred concomitant severe injuries which 
often uere important factors in determining the urgency of operation as well 
as the extent and nature of the surgery to be performed. In a subsequent report 
of a final follow-up to be completed, the influence of concomitant wounds and 
complications will be discussed. No originality is claimed for the observations 
oi methods described in this report and proper credit cannot, be given because of 
lack of reference facilities. 

types of missiles 

Bullets have less teariug action than do high-explosive fragments and they 
have two characteristics that are of interest. They cause considerable contusion 
to the organs through which they pass, and frequently they travel greater dis¬ 
tances than do fragments. In bullet wounds necessitating thoracotomy, the 
large amount of pulmonary hematoma surrounding the tract of the missile is 
considerably greater than one expects from either the size of the missile or the 
voentgenogi-aphie findings. This has been noted repeatedly in lower lobes in 
thoracoabdominal wounds. Whether this is due to the wobbling of the bullet 
or to the high compression wave accompanying it, we do not know. The tendency 
of a bullet to involve more than one celomic cavity is striking. An example 
is a case in which a bullet entered through the left deltoid region and was found 
in the right iliac fossa—the patient had been lying down with liis left arm ex¬ 
tended above his head at the time of injury. Another example is that in which 
a bullet entered through the left clavicle and was found near the greater tro¬ 
chanter of the left femur. 


preoperative treatment 


The purpose of preoperative treatment is to restore the disturbed cardio¬ 
respiratory mechanism to as close an approximation of the normal as possible. 
The principles in the restoration are those involved in any seriously wounded 
patient to which are added certain factors peculiar to intrathoracic wounds. 
These are airway, chest wall pain, intravenous fluids, hemopnenmothorax, and 
progressive tension pneumothorax. 

The airway is of primary importance and the relief of pain is often essen¬ 
tial in obtaining an open airway. In the majority of patients there is blood in 
the tracheobronchial tree. The amount varies from mere blood-tinged sputum 
to sudden massive hemoptysis. Fortunately, the latter is rare.® Encouraging 
the patient to cough will often suffice to clear the tracheobronchial tree. Man¬ 
ually holding the lower costal margin will aid in coughing. Chest wall pain may 
inhibit coughing and limit the depth of respiration, resulting in an inefficient 
hyperpnea with inadequate ventilation. This is best treated not by morphine, 
but by intercostal nerve block. The block should include not only the segments 
involved by the wound but also two segments above and below to cover the area 


•An example of massive hemoptysis Is that of a soldier mounded explosive 

fragment perforating the right upper part of the chest. Shortly after admisston to a fleid 
hospital the patient had a sudden massive hemorrhage which filled the entire trachea ana 
Primary brandies. Bronchoscopv cleared the trachea for the moment, but hemorrhage from 
the or?flce of the right upper lobe bronchus continued. The hemorrhage was controlled only 
bv nacking Itsorlflce, arid the packing mas held in place by also packing; the: entire right 
main bronchus. This permitted a thoracotomy to be done mlth suture of tire bronchus ana 
bleeding lung. The patient mas seen one month later and had a fully expanded lung. 
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of pnin overflow. If the wound is close to (lie vertebral column, injection of tho 
intercostal nerves is difficult, end n paravertebral block sliould he done. Tlie re¬ 
lief of pnin will permit Hie pnlieut to cough without difficulty. G'lenring of the 
tmeheobronchinl tree will rapidly clinnge the h.vperpneie, evnnotic, hypotensive 
patient to one with deep unhurried inspirations, good color, nnd rather prompt 
return of blood pressure to a more normal level. The resultant open airway, 
1).V relieving tho hypoxia, will more readily raise the blood pressure than will any 
other procedure, except in the patients with continuing intmthoruoic bleeding 
nnd progressive tension pneumothorax. Endotracheal catheter suction is im¬ 
perative in clearing the airway of tho unconscious patient nnd of thp one whose 
cough is inadequate. In all eases of hypoxia nnd shock, oxygen should be givon 
by nasal catheter. Oxygen ndministrnlion should precede all prooporntive 
measures nnd should he continued until the patient is ready for operation. 

The ]>ositiou pf the patient nnd caution in administration of intravenous 
fluids nre important. Vital capacity is greater and coughing is more effective 
in the sitting position. The ideal may be approached by plncing the patient in 
a semisitting position. However, patients with hypotension nnd no cyanosis or 
dyspnea should he placed in a Trendelenburg position. In the administration of 
blood, it should be remembered that a patient with partial or complete pneumo¬ 
thorax may develop pulmonary cdomn by the suddon overloading of tho pul¬ 
monary vascular bed. This is especially true in patients with hvpoxin due to 
reduction in vital enpneity by mechanical rnonns such as hemopneumothorax. 
Tho reduction in the vascular bed is a sudden one mid the patients does not have 
timo to compensate. The vascular bed is not only reduced by tho partial collnpse 
of tho lung but is further reduced by the extensive hematoma of the pulmonary 
pnronchymn which may bo present. Blood replacement therapy can ho given 
judiciously by watching for moisture in the pulmonary parenchyma. Intra¬ 
venous fluids should not be started on a patient who is having difficulty cough¬ 
ing in tho presence of gross rhonchi. Tho airway can be cleared, pnin reduced, 
nnd thoracentesis performed in a short time, nnd, with relief of hypoxia, tho 
pulmonnry vascular bed mil not react unfavorably to intravenous fluids. 

In our experience, hemopneumothorax was so commonly encountered that 
treatment of its immediate effects was often an mgent requirement. The total 
number of hcmopneumothonices in the 200 cases was 159 (79.5 per cent). Hemo- 
pnoumothorax occurred unilaterally 149 times, and bilntomlly 5 times. Hemo¬ 
thorax alone was found in 25 cases and pneumothorax alone in 10. Neither 
pnciuno- nor hemothorax was discernible in 4 patients. Thoracentesis was por- 
formed on the majority. This procedure nssists in relieving shock by the relief 
of hypoxia conncqncnt to the increased aerating parenchyma. For this reason, 
as much blood nnd air ns can be obtained is removed. The largest amount wns 
1,100 c.e., nnd the nverage was 250 c.c. Anlotrnnsfusion has been used fre¬ 
quently. Occasionally the blood clots, especially if the bleeding is rapid; there¬ 
fore, it is citrated ns it is withdrawn nnd strained through gauze liefore being 
given. 

The possibility of tho resumption of bleeding ns a result of immediate 
thoracentesis is frequently discussed, but is more a theoretical problem than a 
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practical one. The two sources of hemothorax are extrapulmonary (chest Avail 
or mediastinal) and pulmonary hemorrhage. When resumption of bleeding 
does not occur it is probably due to the low pressure in the pulmonary artery 
and its branches. The presence of a hemothorax does not stop extrapulmonary 
bleeding. The objective of preoperative treatment is rapid resuscitation and 
thoracentesis helps accomplish it. Thus, theoretical contraindications need not 
be considered. 

Thoracentesis avus performed 100 times, and, in 73, pleural pressure read¬ 
ings Avere taken as the first step in the procedure. Pressures were recorded pre- 
and postoperatively and were correlated Avith the pre- and postoperative con¬ 
dition of the patient. The average positive pressure on expiration was 10 to 12 
cm. of water. A feAv patients had positive readings on both expiration and in¬ 
spiration. FolloAving the removal of air and blood, the pressures more nearly ap¬ 
proximated the normal. It was the exceptional patient, however, who at the 
end of a thoracentesis gave negative readings on both expiration and inspira¬ 
tion. There Avas not always a correlation between the degree of dyspnea and 
the primary pleural pressure. This was probably due to the variation in the 
stability of the mediastinum, with a corresponding individual variation in the 
transmission of transmediastinal pressures. Not. all patients Avith positive 
pressures on inspiration and expiration were dyspneic, but the majority of the 
severely dyspneic ones presented positive pressure readings in the entire respira¬ 
tory cycle. 

It is of interest to note that true progressive tension pneumothorax Avas 
rare in this series. It soon became ob\ r ious, in the management of these cases, 
that those Avhich required constant decompressing deAdces Avere quite rare. In 
only three instances was it necessary to install a decompressing catheter when 
the patient Avas first seen, and only two patients developed a true progressive 
tension pneumothorax postoperatively. The designation, progressive tension 
pneumothorax, Avas reserved for the patients requiring constant decompression 
devices. The mere fact that positive pleural readings Avere obtained at the first 
thoracentesis, in the majority of cases, makes it reasonable to classify them on 
the basis of treatment necessary because these patients required only intermit¬ 
tent thoracentesis postoperatively. We believe that most of the initial positive 
readings result from air from the injured lung entering the pleural caAdty at 
the time of Avounding, and the pressures may be increased from bleeding into 
the pleural ca\dty. The continued air leaks must nearly always stop soon after 
Avounding, or remain constantly minimal, because in all cases the pulmonary 
involvement ranged from small penetrations or perforations to large lacerations 
and yet the rarity of progressive tension pneumothorax Avas rather strik¬ 
ing. Perhaps the hematoma surrounding the area of the torn parenchyma 
creates sufficient nonaerating lung to limit the amount of air reaching the pleural 
ca\dty-. The amount of pulmonary hematoma sumranding even a small tract is 
often considerable. Three-quarters of a lobe may be involved from the passage 
of a small fragment. 

Immediately upon admission, the patient should be examined for sucking 
wounds. If one is present, it should be dressed with a large occlusive petrolatum 
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dressing. It. is good practice to dress nil wounds of the chest in this mnnner, 
for n wound lnheled nonsucking may begin to suck when the position of the nrm 
or shoulder is chnngcd. 

Roentgenograms of the chest enn ho obtnined ns soon ns the patient responds 
to resuscitation. Erect posteronnterior nnd lateral views nre tliose of choice. 
However, it is not nhvnys possible to Imvo the patient, sit up. If not, one must 
ho satisfied with a prone anteroposterior view. Fluoroscopy is of value in de¬ 
termining the amplitude of the cardiac pulsation in suspected tamponade. It is 
also valuable for tho few patients who do not respond to resuscitation and for 
whom the additional movement necessary for roentgenography is deemed inad¬ 
visable. The jiosition of the missile can bo determined in order to aid in as¬ 
suming what cavities have been invaded and what structures have been involved. 

Thoracoabdominal wounds require the same preopemtive care, and, in ad¬ 
dition, a Levine tul>e is inserted, the stomach is aspirated, nnd tho tube is left in 
plnee. During tho operation, the tube keeps the stomach deflated and aids ex¬ 
posure, particularly when the left tmnsdinphragmntic approach is being used. 
Tho tulie should be no smaller than a No. IS French. The presence of blood in 
the gastric contents is of no aid in assuming involvement of the stomach, for 
the patient usually swallows the blood lie does not cough up. In perforating 
wounds with ono of tho wounds in tho region of the kidney or in penetrating 
wounds with tho missile in tho flank, tho urine should be examined for the 
presence of blood. 

In tho patients who do not respond adequately to resuscitation measures 
and in whom the chest involvement is foit to be under control, the factors of 
continued intraperitonoal hemorrhage and/or continuer] intraporitoneal con¬ 
tamination from largo bowel contents should be kept in mind. Dross contam¬ 
ination of the left pleural cavity by contents of the large bowel will result in as 
profound n depth of shock as is seen. These pntients will respond, if at all, only 
after the source of the contamination has been removed. Early surgical inter¬ 
vention is necessary wkon the right lobe of the liver continues to bleed into 
the pleural cavity or when the spleen lies shattered in the left pleural cavity. 
One must be able, on tho basis of the position of tho wound of entrance and tho 
position of the fragment in relation to tho lack of response to shock therapy, 
to evaluate tho probahle situation nnd proceed with surgery without further 
delay in spito of the hypotension. The return of a more normal blood pres¬ 
sure after clamping the splenic vessels or packing tho liver is most gratifying. 
But its return in fecal contamination of tho peritoneum and/or pleura is not so 
prompt and may not occur if the contamination has been severe nnd of long 
duration. There is also an occasional case in which the airway becomos the pri¬ 
mary problem because of excessive bleeding into tho tracheobronchial tree. If 
bleeding continues after a thorough endotracheal catheter suction, farther delay 
is unwise, and the patient is removed immediately to the operating tent for rapid 
induction and endotracheal intubation which permits a more complete tracheo¬ 
bronchial toilet to be done. In our experience this,method of management of 
the latter group of patients has so improved their general condition that tho 
necessary surgery could bo accomplished without further delny. 
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PENETRATING AND PERFORATING 'WOUNDS 

Treatment of penetrating and perforating wounds is, in the main, based 
on the presence or absence of continued intrathoracic hemorrhage. Thoracotomy 
is necessary to control those which are bleeding, whereas those not bleeding are 
treated according to the anatomic severity of the injury. The latter are treated 
by local debridement and closure of deep muscle layers. Sucking wounds re¬ 
quire enlargement for proper closure. Wounds causing large chest wall defects 
will be discussed under Traumatic Thoracotomy. 

The diagnosis of continuing intrathoracic hemorrhage is the most difficult 
diagnostic problem in thoracic surgery in forward installations. It has been 
pointed out that death from hemorrhage from the pulmonary parenchyma is 
unlikely. We saw four instances of bleeding of considerable magnitude from 
lacerations of the upper half of the upper lobes which required suturing. There 
was no similar degree of hemorrhage from lacerations of the same size in the 
remaining lobes. The reason may be that lacerations in this region involve ves¬ 
sels of greater size than comparable lacerations in other lobes. There remain 
the following sources of hemorrhage: intercostal (10 cases), internal mammary 
(2 cases), and mediastinal vessels (2 cases—aorta, hemiazygos, and accessory 
hemiazygos veins), and the heart (2 cases). These illustrate the fact that intra¬ 
thoracic hemorrhage from sources other than intercostal vessels is relatively un¬ 
common. Originally, we believed that intercostal vessels in the wounds should 
be visualized in the majority of cases. A record was kept of all intercostal 
arteries which were bleeding at the time of exposure and those which were 
transected or lacerated but not bleeding. In 200 cases, an intercostal arteiy 
was found bleeding only 10 times (5.0 per cent), whereas it was found transected 
or lacerated but not bleeding 33 times (16.5 per cent). All bleeding vessels 
were found in one of two areas: first, in the area, from the origin of the vessel 
to the angle of the rib and, second, in an area extending approximately 6 cm. 
from the lateral border of the sternum. In view of these findings, it was felt 
that more conservative treatment could be practiced. In the latter part of the 
series, 35 penetrating and perforating wounds were locally debrided without 
investigating the continuity of the intercostal vessels. There were no deaths 
in this group. It is reasonable to assume that some of these patients had involved 
but nonbleeding intercostal vessels. This makes the proportion of nonbleeding 
to bleeding intercostal arteries more marked. 

The knowledge of the percentage chance of the presence or absence of a 
bleeding intercostal artery is not of great help in the individual case. Each case 
must be carefully evaluated on the basis of individual findings. The presence 
of a large hemothorax is not an indication for an exploratory thoracotomy. 
Aspiration can be done and a check roentgenogram and reaspiration will permit 
the evaluation of the patient’s status. This program works well during periods 
of relative quiet when only a few patients are admitted. During a “push,” 
howevel 1 , the surgeon is presented with a large number of patients, and his 
judgment will often be sorely tried. During the period of observation of patients 
with suspected bleeding, the traumatic thoracotomies and thoracoabdominal 
wounds can be treated. To attempt a diagnosis of continued intrathoracic 
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bleeding solely on the basis of changes in pulse rate, blood pressure, and respira¬ 
tion will not infrequently lead to error, for some pntients remain in relatively 
pood condition with actively bleeding intercostal vessels. Judgment of the prob¬ 
lem eases becomes more accurate in proportion to the number of eases seen. No 
deaths from bleeding vessels have occuiTcd in this series. However, from the 
number of involved but nonbleeding intercostal arteries which we have un¬ 
covered, we feel that it is better to investigate a case if any doubt exists. One 
should keep in mind tho possibility of the posto)>orntive recurrence of intercostal 
hemorrhage in the pntients whose intercostal vessels wero not exposed. It did 
not occur in this series, but we have been informed of two fatalities from kemor- 
rhngo on the second and fourth postoperative days. 

In wounds which wore not. sucking and were not the source of bleeding, 
debridement of the chest wnll muscle was done avoiding, when possible, the 
opening into the pleural cavity. Endotracheal anesthesia was used, because occa¬ 
sionally a simple wound started sucking during dfibridement. After debride¬ 
ment, these wounds should have at least a two-layer closure of the chest wnll 
muscle. Skin and subcutaneous tissue wero left unsutured. 

Sucking wounds necessitated an exposure adequate for a proper closure. 
With the wound in the intercostal space, the pleura had a defect best closed by 
including a deep layer of tho chest wall muscle in tho line of sutures wliich 
included the intercostal muscle. At least two more muscle layers were usually 
nvailablo for closure with interrupted silk sutures. In the anterior portion 
of the lower costal margiu, imbrication of the single muscle layer of tho chest 
wnll was desirable in older that more than one muscle layer, besides the inter¬ 
costal one, bo used in closure. When the wound involved a rib, the fragments 
dnngling into the ploural cavity were removed. If tho intercostal nerve was 
readily found, it was crushed to reliove postoperative pain. The continuity of 
the intercostal vessels was checked at this time. The skin and subcutaneous 
tissue were left unsutured. 

The problem of removing foreign bodies from the lung or pleural cavity 
should bo considered in tho light that in the majority of patients they arc 
tolerated without endangering lifo. Removal of a foreign body is not of itself 
sufficient indication for thoracotomy in tho forward areas. The exceptions to 
this generalization are the patients in whom the foreign bodies aro in potentially 
dangerous positions, such as in the kilns of tho lung or in the mediastinum 
in tho region of the esophagus. However, during closure of a sucking wound, 
exploration for Bource of continued bleeding, or exploration to investigate 
diaphragmatic involvement, any readily available foreign body should be re¬ 
moved. Tho position of the foreign body was recorded in 75 of the 84 pene¬ 
trating wounds. Forty-one (54.7 per cent) wore found in the lung, 18 (24.0 
per cent) in the pleural envity, and 16 (21.3 per cent) in the chest wall; the 
last traversed the lung. In twelve patients, tho foreign bodies wore readily 
available in the lung during surgery for sucking wounds and were removed. In 
two instances, thoracotomy was done because of tho presence of missiles. In both 
cases, they were very large and in the hilus of a lobe. Foreign bodies were re¬ 
moved from the pleural envity in thirteen pntients. In five, thoracotomy was 
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sided, and 3 bilateral. In the last, a single missile involved both plenral cavities 
and both diaphragms. There were 9 deaths (16.4 per cent). This mortality is 
uncorrected for the factor of concomitant wounds. Intra-abdominal organs were 
involved as shown in Table I. 


Table I. Involvement op Intra-abdominal Organs 


ORGAN 

NUMBER 

PER CENT 

Liver 

3S 

69.1 

Spleen 

12 

21.8 

Stomach 

10 

18.1 

Large bowel 

7 

12.7 

Kidney 

C 

10.9 

Small bowel 

3 

5.4 

Pancreas 

2 

3.6 

Gall bladder 

1 

1.8 

Common duct 

1 

1.8 


The mortality is greater with left-sided wounds in which massive contamina¬ 
tion of the pleural cavity and/or peritoneal cavity from contents of the large 
bowel occurs. Of the 19 combined left-sided and bilateral wounds, there were 
7 deaths (36.S per cent). Three of these involved the splenic flexure of the 
large bowel. The causes of death in the other 4 were: cerebral hemorrhage (em¬ 
bolism?) ; abscess in the region of a nephrectomy; and (bilateral case) massive 
hemorrhage from the liver in which both lobes were broken across in their long 
axis. Of the 36 light-sided wounds there were 2 deaths (5.5 per cent), one from 
hemoglobinuric nephrosis, and the other from bile peritonitis resulting from 
an undiscovered nick in the common duct at its junction with the pancreatic 
duct. There were 3 deaths (42.9 per cent) in the 7 patients with large bowel 
involvement. A similar experience was noted by Betts. 2 In his total of 29 
thoracoabdominal wounds, there were 6 deaths (20.7 per cent). In his series 
there were 5 deaths in the left-sided wounds (27.7 per cent), and the large bowel 
was involved 8 times with 3 deaths (37.5 per cent). These mortalities are more 
than acceptable in view of Hurt’s findings of 135 deaths (47.2 per cent) in the 
follow-up of 286 patients with large bowel injuries. 5 

The position of the foreign body r in a penetrating thoracoabdominal wound 
must be accurately located. Anteroposterior and true lateral roentgenograms 
of the abdomen are essential. Careful examination of the wound will occa¬ 
sionally be quite revealing. For example, the odor of Bacillus coli in two left¬ 
sided wounds was preoperative evidence of large bowel involvement, and the 
probability of gross pleural contamination indicated early surgery. Omentum 
was seen in three wounds and pericardial fat in one. It is likely that the omen¬ 
tum and large bowel were sucked up through the tom diaphragm by respiratory 
action whereas the pericardial fat was apparently driven into the wound of 
exit. These findings may be helpful in establishing the direction of the missile. 

Left-Sided Perforating Wounds .—Perforating wounds in the lower costal 
margin should always be examined and treated for the possibility of diaphrag¬ 
matic involvement. If the wounding occurs during the expiratory phase, the 
anatomic position of the wounds in the chest wall may be quite cephalad and 
yet there may be a tom diaphragm and injured peritoneal organs. In one 
instance of laceration of the diaphragm and spleen, the wound of entrance was m 
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the fourth interspace just media] to the left nipple and the wound of exit was 
in the seventh interspace in the loft midaxillary line. Perforating wounds of 
this region should ho prepared ns expected thoracoabdominal wounds. It is a 
simplo matter, when denuding these wounds, to enlarge the one nearest the 
diaphragm to permit examination of this muscle. The chest wall is relatively 
thin in this region and, consequently, tho majority of wounds are sucking. In 
the process of closure, enlarging these wounds will pormit an adequate check on 
tho diaphragm. Involvement of the left diaphragm is of itself sufficient indica¬ 
tion for thoracotomy. To reduce postoperative wound infection in diaphragmatic 
involvement, it is best, if anatomically feasible for good exposure, to resect a rib 
which is not in tho wound of entrance or exit. 

Left-Sided Penetrating Wounds .—Acenrato localization of the missile, 
whether or not it is in the upper abdominal quadrant, is extremely important in 
left-sided penetrating wounds because its location determines tho type of ap¬ 
proach. Any damage done to infmperitononl organs by a missile which enters 
the left upper quadrant and remains there can readily be reached and remedied 
by a transdinphragmntic approach. This approach permits access to this region 
until greater technical ease tlmn is attained through n laparotomy approach and 
the usual postoperative complications aro decreased. However, if the missile 
passes into any other quadrant of the abdomen it is safor to perform a laparot¬ 
omy. 

Tho left transdiaphragmatie approach has many technical advantages which 
permit tho following to be done with ease: splenectomy; exploration and repair 
of the entire stomach from tho esophagogastric junction to the duodenum; exam¬ 
ination and mobilization of the colon from the hepatic floxuro to the beginning 
of the sigmoid loop; sulicostal or midline exteriorization of tho colon by cither 
loop or spur colostomy; inspection and treatment by suturo or resection and 
anastomosis of the small bowel from the ligament of Trcitz to within a few indies 
of tho cecum; and visualization nnd removal of the left kidney. 

After anesthetization, the patient is placed on his right side with a folded 
blankot under the lower lateral portion of the right costal margin. A long strip 
of adhesive placed over the left hip nnd attached to the litter anteriorly and 
posteriorly fixes the patient in position. The left leg is flexed at the hip and 
knee with a pillow beneatli the knee. With the right leg extended, the great 
saphenous voin anterior to the medial malleolus or at the medial border of the 
middle of tho tibia is available for the administration of fluids during the opera¬ 
tion. Removal of the ninth rib usually gives tho best approach to tho left upper 
quadrant. However, as this varies with habitus of the individual, the proper 
rib can be selected during debridement of the penetrating wound. Tho rib re¬ 
section should stop short of the costal cartilage to prevent the occurrence of a 
chondritis if contamination is present. In oponing the diaphragm, tho wound of 
penetration should Ire included, if possible. When a splenectomy is indicated, 
the lateral peritoneal reflection over the spleen is easily cut, and the spleen is 
delivered into the opening in tho diaphragm. The splenectomy is technically 
easier if, after delivery, the operator and the assistant change sides. The 
assistant is l>chind tho patient and maintains the delivery of the spleen with 
his left hand. The operator, facing the patient, can then pass his fingers be- 
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neath the splenic pedicle, and this decreases the possibility of injury to the 
greater curvature of the stomach and the tail of the pancreas. In exploration 
of the stomach, opening of the gastrocolic omentum permits access to its pos¬ 
terior wall. For exposure of injuries in the region of the esophagogastric junc¬ 
tion, especially for those on the lesser curvature side, it is necessary to cut the 
left triangular ligament and mobilize the left lobe of the liver. To expose the 
left kidney, the lateral peritoneal reflexion of the upper part of the descending 
colon and the lienocolic ligaments must be cut, and the colon laid mesially. This 
approach permits a nephrectomy to be done easily. 

Two layers of interrupted silk are used to close the diaphragm. It is im¬ 
portant that each suture of the first layer should include the peritoneum. There 
is no need to crush the phrenic nerve. The apparent defect in the lateral costal 
margin of the diaphragm is a result of contraction after severance of the attach¬ 
ments. It is repaired by suturing the diaphragm to an intercostal muscle one 
or more spaces higher than its original attachment. This principle of reattach¬ 
ment is important, for the original site is usually the area of the wound of the 
chest wall with its accompanying fractures and will not be stable enough for 
efficient diaphragmatic action. When the diaphragmatic crura are tom from 
the vertebral column, the first layer of sutures should be passed through the 
superior surface of the lobe of the liver. A sufficient number of the sutures will 
hold, fixing the liver against the undersurface of the diaphragm and preventing 
herniation. 

Occasionally a left thoracoabdominal wound of the penetrating type occurs 
without hemo- and/or pneumothorax. The foreign body is in the left upper 
quadrant. The wound of entrance is not sucking because of its oblique course 
through the chest wall. The question arises: with the possibility of a large bowel 
injury, should the approach be through the pleural cavity in which there is no 
preoperative evidence of contamination i We have not settled this conclusively 
because the problem occurred in only two of our eases, and both were handled 
through a laparotomy with closure of the diaphragm from below. However, con¬ 
sidering the technical ease of doing these operations t.ransdiaphragmatically 
as compared to doing them through a laparotomy incision, we propose in the 
future to do them transdiaphragmatically. The factors of postoperative 
collapsed lung and pleural infection need not figure prominently in the decision 
if proper emphasis is placed on the toilet of the pleura and on pulmonary ex¬ 
pansion during closure of the thoracotomy. 

Right-Sided Perforating Wounds. —Right-sided perforating wounds involve 
the lower third of the chest and are usually at a right angle to the ribs. Careful 
alignment of the wounds of entrance and exit will assist in assuming which 
organs are involved. In our series perforating wounds of this region involved 
only the liver and diaphragm. These may be divided into two types according 
to position in relation to the diaphragm and to size: the “blowout” type (trau¬ 
matic thoracotomy) through which the diaphragm and liver are readily exposed, 
and the small wound at a distance from the diaphragm and liver which requires 
the resection of a lab not involved in the wound to give the desired exposure. 
In the latter type, the rib to be resected can be selected through the debrided 
wound. 
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It is felt that right diaphragmatic lacerations should bo closed and the infrn- 
diaphragniatic space should lie drained sulieostally. The diaphragmatic injuries 
are always associated with a liver tom to some extent. If the diaphragmatic 
rent is not repaired,'a biliary fistula into the pleural cavity may occur. Bilinry 
pleural fistulas nro in themselves difficult to treat and (here is probably more 
than a casual relationship between biliary-pleura] fistulas and pleural empyemas. 
This is particularly true if the laceration of the diaphragm is over the bare area 
of tho liver. This region docs not have available peritoneum to include in the 
closure of the diaphragm. The pooling of undrained blood and necrotic matoiial 
from a livor tear can more readily break through a sutured dinphragmntic rent 
unfortified by peritoneum. In the patients in whom the niissilo lacerates the 
diaphragm and the liver in the hare area region, drains can bo laid over the rent 
in tho liver, and, by breaking through the lateral reflection of tho peritoneum 
over the right lobe of the liver, tho drains can lie exteriorized aubeostnUy. 

Right-Sided Penetrating Wounds.- —Twenty-six of the 3G right-sided wounds 
in the sories'were of tho penetrating type. Such eases pose tho. problem of 
determining whether the foreign body has passed entirely through tho right lobe 
of tho liver and is in the peritoneal cavity, or whether it has stopped in the liver. 
AVhon it is evident by roentgenogram that tho fragment has stopped in the 
liver, tho management is ns just detailed in right-sided perforating wounds. Tho 
problem is then merely one of drainage of the snprahepntic space and repair 
of the diaphragm. If tho fragment is readily available in the liver, it is re¬ 
moved. Protracted exploration for a buried foreign body will often result in 
considerable hemorrhage. 

When the missilo is revealed to be in tho pcritonenl cavity, the abdomen is 
best explored through a laparotomy approach. Wounds of the diaphragm no 
higher than approximately tho eighth inteispaeo and no farther back than the 
posterior axillary lino can be exposed and sutured from below. Tho condition 
of the patient will delermino whether or not the diaphragm, penetrated in other 
areas, will be repaired. It is obvious that a fatality will not occur from an un¬ 
repaired right diaphragm. Tho likelihood of a biliary-pleural fistula occurring 
cannot be considered of major importance in the pationt who is in poor condition 
because of intraperitoneal injury and in whom a laparotomy is necessary. In 
such instances, dfibridement, closure of the chest wound, insertion of an intor- 
eostal tube, and aspiration of all blood and air precede tho laparotomy. These 
nro done to establish and to maintain as high a vital capacity ns possible during 
the laparotomy. Otherwise, blood from the liver draining into the pleural cavity 
may result in a considerably lowered vital capacity by tire time the laparotomy is 
completed. The intercostal tube drains into a water-trap bottle and indicates 
the amount of liver bleeding. This procedure wns necessary in only two of our 
patients, one of whom developed a biliary-pleural fistula When the patient’s 
physical status permits, a thoracotomy with repair of the diaphragm and expan¬ 
sion of the lung precedes the laparotomy and suprahepatie drainage. This 
amount of surgery was performed in the majority of cases in our series and was 
not prohibitive, but it is to bo applied only nfter careful evaluation in each ease. 
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INJURIES TO MEpiASTINAL STRUCTURES 

Exploration for injury to mediastinal structures is done for one of two 
reasons: suspected injury to the esophagus, and continued bleeding from large 
vessels or from the heart. A small fragment whose position and course is such 
that neither of these is suspected need not be removed. Enlargement of the 
mediastinum by extravasation of blood as seen by roentgenogram does not merit 
exploration unless it is accompanied by signs of progressive swelling of the 
neck veins. We have learned that neck wounds also may present a markedly 
enlarged superior mediastinum. The enlargement can be caused by blood from 
a neck vessel dissecting into the mediastinum. Before proceeding with such exten¬ 
sive exposures as removal of a paid of a clavicle and a portion of the sternum, 
it is well to investigate thoroughly the neck wound because the source of hemor¬ 
rhage may be reached from above. The source of hemorrhage may be available 
by exposure in the base of the neck even when the missile is in the superior 
mediastinum. With the missile in this region not easily removed, the superior 
mediastinum can be drained through the cervical wound of exploration. 

Diagnosis of injury to the thoraeie esophagus is very difficult. Dysphagia 
was not noted in our series. However, severe back pain radiating down into the 
lumbar region was a constant complaint and was unrelieved by a. large dose of 
morphine. There have been no constant pathognomonic roentgenographic find¬ 
ings. Air in the mediastinum was seen only once. The only way that mortality 
from esophageal injury could be reduced would be by doing a thoracotony on 
every suspected injury. Accurate preoperative diagnosis is far from the rule. 
The picture is always obscured by the hemopneumothorax hiding the missile’s 
unpredictable path in traversing the lung. However, keeping in mind the exact 
position of the esophagus in the various portions of the thorax in relation to 
the position of the missile as determined by accurate anteroposterior and lateral 
roentgenograms will be of some help. But even this help is not available when 
the missile passes through the mediastinum. 

The basic principles of treating lacerations of the thoracic esophagus are 
repair of continuity, decompression by posterior paravertebral mediastinotomy, 
and diversion of subsequent infection from the pleural cavity by repair of the 
mediastinal pleura. The esophageal repair is often difficult, and some may leak 
even when well repaired. In others, the position of the laceration, such as at the 
level of the arch of the aorta, prevents adequate exposure and may be left un¬ 
sutured. All these possibilities are covered by establishing a mediastinotomy 
and closing the rent in the mediastinal pleura. The approach should be a 
posterolateral transpleural one as close to the level of the suspected 'injury as 
possible rather than that of a posterior mediastinotomy, for the latter is too 
limited in its exposure for associated hilar and mediastinal injuries. The 
esophagus, especially the upper third, is best approached from the right side, but, 
when the wound of entrance and the missile are both on the left, no choice is 
afforded. Closure of the esophagus is done in its transverse axis and should 
consist of two layers. A continuous fine silk suture is used for the inner layer 
and interrupted silk mattress sutures for the outer ones. Care should be used 
to make certain that the two layers are distinct in that the ends of the inner 
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Inver of sutures do not protnidc into or through the outer layer. If Hie Levine 
tubo caunot bo passed preoperatively, ii may bo introduced and guided past the 
injury during the repair. The medinstinotomy is performed during the thoracot¬ 
omy in the following manner:- the medinsfinnl pleura is dissected for a con¬ 
siderable dislanee in all directions; a three-inch needle is slid alongside the 
vortobrnl body in the mediastinum at the level of the injury--—the needle point 
is pusliod out of the shin posteriorly and tbe hub of the needle is left in the 
intercostal spnee at the level of tho esophageal rent; a Penrose drain is placed 
alongside Iho laceration and packed down to the intercostal space alongside the 
l>ody of the vertobra; tho mediastinal pleura is then closed. 'When a pleural de¬ 
fect makes closure difficult, a flop is raised from the pariotal pleura and the 
closure is accomplished without tension. The remainder of the posterior para¬ 
vertebral medinstinotomy is done using the needle ns a guide to remain extra¬ 
pleural and to lend directly into the mediastinum to the drain. Segments of ribs, 
transverse processes, and , intercostal muscle bundles are resected above and 
below tho needle. Tho end of the drain is exteriorized. It is well to remember 
that medinstinotomy wounds close rapidly. Therefore, gauze shonld be inserted 
to keep tho wound edges and the intercostal space open. 

We found two types of hemorrhage from the cardiac chambers: active and 
“controlled.” An example of active hemorrhage was found in a patient in 
whom no tnmponndo existed because of decompression by laceration of the peri¬ 
cardium. A picture was presented of massive hemothorax in which continuing 
homorrlinge was suspected. At operation, a widely lacerated pericardium was 
found, and a laceration of the myocardium was discovered as the sourco of hemor¬ 
rhage. “Controlled” hemorrhuge was typified by a ease in which the missile 
entered tho postorolatornl aspect of the junction of tho right anricle and the 
superior vena cam. The pressure of the resulting tamponade procoedod only to 
the point of cessation of tho hemorrhage. Opening the pericardium relieved the 
tamponade, and tho hemorrhage did not recur. Both patients made an unevent¬ 
ful recovery. “Controlled” hemorrhago raises the problem of the use of 
pericardial aspiration to replace operative treatment. It is of aid in preoperativo 
management, but in tamponade caused by irregular fragments it would be 
hazardous to depend on this typo of treatment alono in all such cases. Repented 
aspiration may lie sufficient in some patients but it would appear to be safer to 
operate on any patient in whom tamponade reappears after two aspirations. 

Wo had two patients with hemorrhage from large mediastinal vessels. One 
had lacerations of tho hemiazygos and accessory hemiazygos veins and the other 
had two small holes in the thoracic aorta. Surgical intervention in the latter was 
quite unsuccessful. 

OHEST WALL WOUNDS 

Chest wall wounds without penetration of the plenra seldom present major 
problems. In 61 chest wall wounds, we found 6 (9.4 per cent) instances of asso¬ 
ciated pneumothorax. These pneumothoraees responded lo simple thoracentesis. 
There were 12 (18.8 per cent) instances of contusion of tho lung underlying 
tho chest Avail wound. These hemorrhagic contusions all cleared without sequelae 
in nine to twelve days. Considering this incidence of pneumothorax and con- 
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fusions of the lung, it is suggested that roentgenograms be made for all chest 
wall wounds. 

Another problem that occasionally occurs is the involvement of the sub¬ 
scapular space. There were 6 (9.4 per cent) such lesions in our series. In 
wounds traversing the subscapular space, the possibility of anaerobic gas 
infection should be kept in mind. To do a complete debridement, an incision 
approaching the magnitude necessary for a thoracoplasty and mobilization of 
the scapula would be necessary. This was not done in these cases. Instead, 
incisions were made along the track of the missile at the vertebral and axillary 
borders of the scapula, and injured muscle and foreign material were removed. 
Through-and-through Penrose drains were inserted. A dependent drain was 
placed in the subscapular space through an incision in the triangle of ausculta¬ 
tion at the inferior angle of the scapula. No gas infection developed in these 
patients. All such patients should be kept at least 6 days postoperative!} - . At 
any rise in pulse rate, occurrence of pain, or change in the patient’s demeanor, 
the wound should be examined immediately. Missiles remaining in the sub¬ 
scapular space should be removed and thorough drainage instituted. These pre¬ 
cautions should eliminate or at least reduce the incidences of subscapular 
abscesses. Elimination of the possibility of these abscesses is important, for 
tliey may go undetected for long periods. 

COMBUSTED THORACIC WOUNDS AND SPINAL CORD INJURIES 

In this series, four patients with chest wounds had associated spinal cord 
injuries. One had a penetrating wound of the chest in which the missile was 
pressing on the cord. Three had perforating wounds with a traumatized spinal 
cord. In debridement and exposure to close the adjacent sucking wounds, re¬ 
moval of fragments of the laminae disclosed the extent of the cord injury. In 
two, the cord was markedly swollen but intact; in one, the cord was the site of 
extensive hemorrhage; and in the last, the cord was transected. All cases pre¬ 
sented the picture of transverse myelitis. 

The mortality was in direct relation to the skin anesthesia level. The two 
patients who died had skin anesthesia above the umbilicus (one just below the 
nipples and the other at the xiphoid). The two who lived had skin anesthesia 
levels below the umbilicus (one just below the umbilicus and one halfway be¬ 
tween the umbilicus and symphysis pubis). All four patients had approximately 
the same amount of lung and pleural damage. The two deaths occurred four 
or five days following operation from pulmonary edema that did not respond to 
treatment. Positive pressure oxygen therapy and endotraeheal suction were of 
no avail. Apparently, paralysis of the abdominal rectus muscles reduces the 
efficiency of the cough mechanism and may be a factor in permitting pulmonary 
edema to ensue in the acutely injured. The tone of the recti in a gentle cough 
or actual recti contraction during a vigorous cough gives the diaphragm an op¬ 
posing intra-abdominal pressure. When the opposing pressure is lost by 
paralysis of the recti, the cough becomes ineffective because the expulsive action 
merely bulges out the abdomen. Possibly a snug abdominal binder or a plaster 
abdominal jacket for the first four or five days may be efficacious in replacing the 
function of the recti. With the innervation of only the upper half of the recti 
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intact, the cough mechanism can function efficiently. From tiiese few cases, it 
seems that n patient with a pcnotmting or perforating injury to the lung and 
injury to tho spinal cord hns a poor prognosis if the skin anesthesia level is 
above tho umbilicus. 


PRINCIPLES OF PULMONARY EXPANSION 

Originally, drainage was carried out intercostally in any patient with 
lacerations of tho liuig, contnminntion of the pleural cavity, or abrasions of tho 
parietal pleura. Tho intercostal tubes usually functioned for only two days. 
Aspiration was then necessary. Recently, following tho suggestion of Betts and 
Rees, 5 ' 4 thorough pleural lavage was done in addition to expanding the lung com¬ 
pletely at the time of operation, thus decreasing tho use of intercostal drainage. 
Lung expansion hns been quite satisfactory and thoracentesis hns been done less 
frequently. Tho recent change from drainage to nondrninnge is not as im¬ 
portant ns the factors of thorough pleural lavage and complete expansion of 
the lung at the time of closure. If these two procedures are carried out con¬ 
scientiously obliteration of the pleura! space has a good start. Any pleural 
fluid which then forms is of a serous type that lends itself to aspiration mole 
easily than does a grossly bloody fluid containing clots. Adherence to these 
principles may eliminate total empyema and should reduce the percentage of 
organizing flbrotborax. We do not recommend that tho generally accepted 
principle of intercostal drainage in military surgery bo revised but in light of 
our experience during the past fow months we feel its application in such cases 
need not be practiced routinely. Whether or not a drain is used is not as im¬ 
portant as proper toilet of the pleura and complete expansion of the lung at 
the timo of operation. 

Frequently, during expansion of the lung by the anesthetist, we have noted 
that the lateral portion of tho lower lobe did not expand as readily as the re¬ 
mainder of tho lung. With the patient on his side, tho partial collapse of the 
lung permits a folding over of this portion onto the diaphragmatic surface of 
tho lower lobe. When it is pulled out and unfolded, aeration occurs. 

POSTOPERATIVE CARE 

Postoperative care should focus on the mnin objective of completo and early 
pulmonary expansion. In this respect, the operative and postoperative period 
should he considered ns ono. The goal, a completely expanded lung, is achieved 
at tho time of closure of the wound, and is maintained by repeated thoracentesis 
when even small amounts of pleural air and/or fluid are present. 

Maintenance of a clear tracheobronchial tree by an energetic cough routine 
is aided by intercostal norve block when pain is an inhibitory factor, nnd is 
another step in maintaining aeration of the lung. When the airway is not cleared 
by these methods wo resort to tracheal aspiration. Postoporativo bronchoscopy 
is nocessaiy and should not lie delayed if theso measures have failed. Sedation 
is kept at a minimum to insure prompt cooperation with the cough routine. 
Nasal oxygon is given for postoperative shock and is continued only in those 
patients in whom pulmonary moisture persists. When the need for oxygen 
continues, one may be certain that all of tho nvailablo parenchyma is not being 
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From die Preface 

P NEUMOPERITONEUM ns n therapeutic procedure hns been known to the medical 
profession for oror fifty year*. In the early day* of its employment it was used in 
the treatment of tuberculous peritonitis only. From this modest beginning its 
clinical application has been gradually expanding, as explained in tho clmptor, Historical 
Review. 

Earing the past dccado thorapeutic pneumoperitoneum has been gaining a gmdually 
increasing recognition and acceptance. Encouraging reports have been published 
in tho racdienJ literature on its vnlao in tho treatment of emphysema, bronchial asthma, 
pulmonary abscess, pulmonary hemorrhage, and particularly on its employment in the 
treatment of tuberculous peritonitis and enterocolitis, and of pulmonnry tuberculosis. 
Furthermore, satisfactory observations have been reported with this treatment in the 
management of a numbor of other conditions which uro discussed in dotail in tho 
chapter on tho miscellaneous applications of this mothod. 

Pnoumoperitonoum is a technically simple and snfo procedure. Every physician with 
average manual dextority should be ablo to give this treatment As a matter of fact, 
it has been proposed, and I bolieve justly so, that pnoumoperitoneum treatment of 
ambulatory patients should be carried out by general practitionors whenever given 
circumstances so require. 1 maintain that reading over carefully the outlines of its 
technique should enable one to give pneumoperitoneum without any difficulty. 

A rapid increase in the therapoatic use of pnoumoperitonoum is attostod by numerous 
reports published on the subject during tho past dccado. These includo communica¬ 
tions from widespread parts of tliis country as well as from South and Central America, 
Europe, and Asia. 
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DERMOID CYSTS AND TERATOMATA OP THE MEDIASTINUM 
A Review 

N. Lloyd Rushy, MA., DAL (Oxon), M.R.C.P. (London) 
London, Enq. 

“IT WOULD be difficult to find in tlic ndult human body a region of 
1 less intrinsic interest than that space between spaces known to 
anatomists ns the anterior mediastinum.” Thus spoke J. C. Wilson of 
Philadelphia at the beginning of a lecture on the differential diagnosis 
of mediastinal tumours in 1884. However unpretentious this “space 
between spaces” may appear to the anatomist, it does not lack appeal to 
the clinician and pathologist for one group of tumours found therein, 
tho dermoid cyst and its more complex blood relation tho teratoma, has 
provided for more than a century a fascinating field for speculation and 
study. Such tumours are found uncommonly in this situation; on 
estimate of their rarity can be formed from the publication of Hare 
(1889), who collected from tho literature 500 cases of mediastinal disease 
of which only 10 were tumours of this type. Moir (1936) has stated 
that only two examples were among the pntienfs admitted to the general 
medical wards of the Leods Infirmary over a period of ton venrs, while 
at the London Chest Hospital, which draws its material from all over 
the country, five cases have been seen in seven years. Although rare, 
they are not unimportant both with rogard to the manifestations to 
which they give rise and to tho treatment that they reqnire. 

HISTORICAL SURVEY 

The first example of a tumour of this type to bo recorded, a dermoid 
cyst of the mediastinum, was made tho subject of an address to the 
Medlco-Chirurgical Socioty of London on Nov. 25, 1823, by J. A Gordon, 
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and subsequently published by him in the Transactions of the Society in 
1827. It concerned a young woman, aged 21 years, seen at the 
Islington Dispensary, where the diagnosis of pneumonia was made. The 
illness pursued an atypical course for, despite repeated blood letting, she 
was left with an irritating cough and a persistent tachycardia of 120 
beats per minute. The appearance, later, of a small pulsating tumour 
beneath the sternal end of the left clavicle caused a revision of the 
diagnosis in favour of an aneurysm of the aorta or innominate artery. 
This swelling increased in size and burst to discharge a serous fluid. 
The girl died shortly afterward and a limited autopsy disclosed an 
adherent tumour of the anterior mediastinum containing sebaceous 
matter and hair. At one end of the cyst was a plaque of bone that 
bore a striking resemblance to the superior maxilla and to which seven 
teeth were attached. 

Spath (1836) reported a large tumour of the anterior mediastinum 
extending into the neck. It was discovered post mortem and was com¬ 
posed of fibrous and fatty tissues, bone, and cartilage, but no micro¬ 
scopic study of the specimen was undertaken. Three years later, Munz 
(1839) published a detailed clinical account of a dermoid cyst'in a 
woman of 28 years who had suffered all her life from catarrhal affections 
and who had noticed hairs in her phlegm since she was 15 years old. She 
became phthisical and died, the coexistence of pulmonary tuberculosis 
and a dermoid cyst being confirmed at autopsy. This case is quoted 
by Godlee (1889). 

In succession to Buchner’s case in 1853, sporadic examples were re¬ 
ported by later writers (Lebert, 1858; Cordes, 1859; Cloetta, 1861; 
Salomonsen, 1864; Collcnberg, 1869) until 1869 when the condition 
was clearly recognised as a clinical entity, for in that year Nobiling 
showed a preparation of a cyst that had been correctly diagnosed 
during life, owing to the expectoration of hairs. In the remaining years 
of the nineteenth century, thirty-five additional cases were recorded, 
serving mainly to enrich knowledge of the pathology of the condition 
and to emphasise the difficulty in reaching an accurate diagnosis of the 
condition during life and before operation. Reviews of the subject 
during this period were presented by Hare (1889), Dardignac (1894), 
Pflanz (1896), and Ekehom (1898). 

Dangschat, in 1903, collected forty-two examples from the literature 
and added two of his own, while two years later Morris (1905) placed 
the total number of cases on record at fifty-nine; these included a patient 
that he had himself observed and who had been operated upon by 
Semi (1905). Morris, however, omitted one or two references that have 
come to light from other sources and included one case (Fletcher, 1897) 
of a congenital cyst arising in connexion with the foetal oesophagus 
that should be classed separately. 
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Hcrtzlcr (1916) published nn exhaustive review of the literature up 
to that time which comprised seveniy-two case reports, and Lambert 
and Knox, in 1920, reported six cases. Of these only one was a proved 
teratoma but four others are sufficiently suggestive on clinical grounds 
to be accepted as genuine examples of this condition, while one case with 
a syphilitic history, a doubtfully positive Wassermann reaction, and a 
posteriorly placed tumour cannot justifiably be included. 

Kerr and Warfield, in 1928, computed the total number of recorded 
cases at 138, but a study of the original caso reports has raised a doubt 
ns to whether some of these are, in reality, genuine examples of intra- 
thorncic dermoid cysts or teratomata. For instance, the cases published 
by Olutton (1887) nnd Selby (1906) would seem to resemble prestemal 
dermoids having no connexion at all with the mediastinum. Again, 
a rending of Fawcett’s (1906) original account of a woman, aged 62 
years, whoso symptoms had been of short duration and were correlated 
with physical signs pointing to bronchial obstruction strongly suggests, 
in the light of the post-mortem findings nnd in the absence of micro¬ 
scopic proof to the contrary, a diagnosis of n brenking-down carcinoma 
of the right lower lobo bronchus with secondary deposits in the medias¬ 
tinal glands. Other examples could be quoted. Since Kerr and War¬ 
field's article appeared, ninety well-authenticated cases of this con¬ 
dition were published up to the end of 1939. It is unprofitable at 
this time to pursue the detailed study of the literature mnch be¬ 
yond the outbreak of the present war in view of the difficulty of obtain¬ 
ing access to continental literature. As far as possible the original 
source has boon consulted for information or nn abstract of it obtained, 
but this has not always been possible. After allowance has been made 
for those examples, included by other workors, which cannot be accepted 
on the evidence presented and excluding the six cases described for the 
first timo in this communication, it has been possible to trace in the 
literature up to the end of 1939, 245 recorded cases of intrathoracio 
dermoid cysts and teratomata. It is upon practically tho whole of this 
material that the following review is founded. 

CASE REPORTS 

Case 1. —E. S. was a married woman, aged 42 years. Her pnst 
medical history had been uneventful and free from major chest affec¬ 
tions, but she had noticed that for some years she had been unduly 
short of breath on effort and subject to attacks of palpitation. No 
more tangible symptoms than these became manifest, however, until 
towards the close of 193 7, when she began to expei-ienee an intermittent 
pain in tho centre of the chest about the level of the second rib which 
spread across to tho left side. It was sharp in character and although 
spasmodic did not resemble a true anginal pain on effort. One week 
later she became aware of a small pulsating tumour in the neighbour¬ 
hood of the second left rib a short distance from the sternum, and it 
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was on account of this that she attended her local hospital. Physical 
examination suggested an aneurysm of the thoracic aorta and an x-ray 
picture showed a well-defined "tumour” in the centre of the chest that 
abutted slightly into both the right and left lung fields. The 'Wasser- 
mann reaction was negative. 

She was confined to bed for three months and the symptoms improved; 
for a further eight months good progress was maintained. At the end 
of that time, however, she complained of pain across the shoulders and 
up and down the neck and noticed that her "heart was thumping a lot.” 
She also developed a dry, croupy cough that was worse at night. She 
was seen by Dr. T. W. Preston who was not satisfied with the previous 
diagnosis and referred her to the London Chest Hospital for further 
investigation. At the time of her admission she suffered from a dragging 
pain in the left side of her chest, a short, dry, wheezy cough, often noisy 
and provoked by lying back, noticeable pulsation in the chest, short¬ 
ness of breath on walking, and some recent loss of energy. There had 
been no voice change. 

Physical Examination .—The most striking feature was the pulsation, 
which was of sufficient force to shake the whole body. Complexion was 
unhealthy but general bodily condition was good. There was an irritat¬ 
ing dry cough that at times possessed the "gander” quality traditionally 
associated with aneurysm of the aorta. She always sat up in bed, 
knowing that to lie back would be to invite a fit of coughing. 

The heart’s impulse was forceful and the apex beat located in the sixth 
interspace one-half inch outside the midclavicular line. There was a 
localised area of pulsation in the second left interspace two and one-half 
inches from the midstemal line; over this area the percussion note was 
impaired and a systolic bruit heard. There was unmistakable tracheal 
tugging. Blood pressure was 135/S5 mm. Hg and approximately equal 
in both arms. 

The left side of the chest was slightly fuller in its upper part than the 
right and in movement lagged behind its fellow. Air entry into the left 
apex was poor. There were no other abnormal physical signs in the 
chest. 

The pupils were regular with a moderate aperture and reacted briskly 
to light and convergence. All tendon jerks were normal. No other 
significant feature was found. 

Radiography .—An anteroposterior picture of the chest (Pig. 1) 
showed that the tumour had increased in size since the previous film was 
taken a year before. The shape and clear-cut edge, however, remained 
the same. A left lateral picture (Pig. 2) disclosed the position of the 
tumour in the anterior mediastinum beneath the sternum. Fluoroscopic 
screening demonstrated the vigorous pulsation of the mass. The aorta 
was investigated in more detail; the transverse arch and descending 
thoracic aorta could be visualised with ease and there was no widening 
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or any other detcctablo abnormality in this portion of the vessel. It 
was not possible, however, to make out the first part of the ascending 
aorta, and no opinion could bo formed as to whether it was healthy or 
diseased. A series of tomographic pictures was unhelpful. 

Other Investigations .—'Wassermann reaction was negative before and 
after a provocative dose of novarsenobillon. Electrocardiograph showed 
a normal rhythm with a right axis deviation. Friedman test, Casoui re¬ 
action, nnd eomplemeut fixation test for hydatid disease were all nega¬ 
tive. Thero was no abnormality in the urine. Blood count: red cells 



Fig. 1.—Cnee 1 (E. 8.). Anteroposterior skiagram of tho chest 


4,700,000 per c.mm. with 92 per cent haemoglobin, loucocytcs 15,000 
per c.mm.; blood sedimentation rate 24 nun. in the first hour (normal 
from 3 to 7). The slightly raised leucocyte count and the elevated 
sedimentation rate suggested the presence of infection. There was no 
fever but a sustained tachycardia of 100 to 120 beats per minute and a 
respiration rate of 22 to 25 per minute wero nbnormal features. 

An accurato clinical diagnosis was not easy; a saccular aneurysm of 
the ascending aorta or a benign tumour of 1 be mediastinum, probably 
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a dermoid cyst, seemed the most likely possibilities. The real difficulty 
sometimes encountered in making a distinction between'these two, at 
first sight apparently clear cut, conditions will be discussed more freely 
later. It seemed that in this instance a benign tumour of the medias¬ 
tinum transmitting pulsation was the more likely of the two alternatives 
and, as the tumour was embarrassing the patient and threatened her 
life in the near future if its steady growth was maintained, an explora¬ 
tory thoracotomy was advised and accepted. 



Fig. 2.—Case 1 (E. S.) A left lateral x-ray picture; tlie tumour occupied the anterior 
compartment of the mediastinum beneath the sternum. 

Operation .—An artificial pneumothorax was induced on the left side 
as a preliminary to operation. The lung collapsed well, the localised area 
of pulsation became less apparent, and the percussion note over it 
resonant. The operation was undertaken under light gas and oxygen 
anaesthesia, but the patient died suddenly after the skin incision had 
been made and before the chest had been opened. 

Autopsy .—A very large tumour was exposed as soon as the sternum 
was removed. It completely covered the heart and was adherent to the 
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right nnd the left lung nnd, higher up still, to the trachea. It was im¬ 
possible to separate the tumour from neighbouring structures and the 
thoracic viscera were removed with it. 

The tumour comprised one large cavity filled with thick, yellow, 
greasy, sebneeons matorial containing many hnirs. To the apex of the 
heart was attached a small daughter cyst, unconnected with the parent 
cavity but containing similar sebaceous material lacking hnirs. The 
specimen is shown in Fig. 3. It was opened and as much of the con¬ 
tents ns possible removed, hut flakes of the yellow material clung to 
tho posterior wall and to the hnirs. The daughter cyst is shown below 



Flp. 3.—Ca»e 1 (E. 8.). Specimen removed tit autopsy showing the dermoid 
cyst (opened) lying In front of the henrt. The trachea Is seen above, tags of lung 
at either side with the heart's apex, with small daughter cyst attached, below. (A 
photograph of a coloured lira wing made by TV. Thornton Shlells.) 

on the heart’s apex and tags of lung tissue, firmly bound to the cyst, can 
be seen on either side. Tho wall of the cyst was moderately thick and 
uniform in contour except in the anterior portion niong which a ridge 
ran from loft to right and downwards across the surface; it was from this 
ridge, and only from tills ridge, that the hairs sprang. 

A remarkable feature of the cyst was its firm union to the pericardium. 
A careful dissection of the tumour nnd surrounding stmetnres was 
made, but it was impossible to And a line of natural cleavage between the 
posterior wall and the pericardium. This is very likely significant in 
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explaining the persistent tachycardia, the unusual degree of pulsation, 
and the right axis deviation in the electrocardiograph, as the right ven¬ 
tricle was the chamber that bore the brunt of the additional burden, 
and contributed, perhaps, to the sudden and unexpected death of the 
patient. 

Microscopy .—The wall of the cyst was composed of broad strands of 
fibrous tissue and some area of smooth muscle could be made out. The 
inner lining consisted of stratified squamous epithelium with flaky 
epidermis attached to it. Immediately beneath the surface, sebaceous 
glands could be seen in profusion together with their ducts, while deeper 
in the section were found many fat spaces and one or two plaques 
of cartilage. 

The structure of this cyst proved it to be a teratoma of the dermoid 
type. 

Case 2.—D. W., aged 34 years, was a married woman. She had had 
no major illnesses in the past and no liability to catarrhal affections. 
She married a soldier and accompanied him to Egypt in 1931, where she 
stayed for two years. During this period she had an attack of dysentery 
of moderate severity for which treatment by injections was not advo¬ 
cated. Her husband’s regiment was transferred to India, and she went 
with him and remained there for four years. 

It was towards the close of her visit to India, in June, 1937, that the 
patient experienced the first symptoms referable to her present malady. 
These were pain in her chest and shortness of breath. The pain was 
felt in front of the chest and towards the left side and was provoked 
by taking a deep breath, by coughing, and laughing. It was sharp in 
character and, although intermittent, the patient was conscious of 
there being “always something there.” At the same time she became 
aware of shortness of breath on walking, which impressed her as being 
unusual even when allowance was made for the fact that she was 
resident at a hill station. Five montlis later, the pain became worse 
and for ten days she felt it under the left armpit and remarked that 
it travelled down the inner side of the left arm to the fingers. Although 
there was no loss of power in the left arm she wanted to rest it all the 
time. Her general health was not good and she lacked energy. 

She returned home from India in December, 1937, and on the journey 
had three haemoptyses consisting of bright blood mixed with a little 
sputum. Apart from this, there was little change in her symptoms 
until February, 1938, when a dry “tickling” cough became noticeable 
and further haemoptyses occurred. An x-ray picture was taken of her 
chest, blood tests were carried out, and the sputum was repeatedly 
examined for tubercle bacilli but none was found. Lassitude became 
more str ikin g and the cough persistent, accompanied by a little mucoid 
sputum, until April, 1938, when she was admitted to a Military Hospital 
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with mi attack of "acute bronchitis.’’ She had a temperature up to 
102° F., cough and sputum increased, and the phlegm became thicker 
and resembled “anchovy sauce,” according to her doctor. The sputum 
was not greasy and contained neither particles nor hairs. The illness 
lasted fourteen days and then abated but residual symptoms remained. 
The patient was transferred to the London Chest Hospital under the 
care of Dr. H. V. Morlock in December, 1938, for further investigation 
with a provisional diagnosis of an aneurysm of the norta or pulmonary 
artery. 

On admission to the hospital she suffered from a persistent cough 
productive of scanty mucoid sputum. The phlegm was never purulent 
and no particles or hairs were seen in it. There had been no haemop¬ 
tysis for eight months. The pain in the chest of which she had com¬ 
plained for tho past eighteen montits was still present and associated 
with palpitations, especially when sho beenme excited. Her breath was 
short when she climbed stairs and during liouts of palpitation. 

Physical Examination .—The patient was a well-nourished woman 
with a normal temperature, pulse, and respiration rate. She lay com¬ 
fortably in bed. 

Movement of tho left side of her chest was defective and the percus¬ 
sion note impaired over the anterior and upper part and a few crepita¬ 
tions were audible near the left edge of the sternum. There was no 
clnbbing of the fingers. 

A visible and palpablo area of pulsation could bo observed over the 
second and third left interspaces, but in all other respects the cardio¬ 
vascular system was normal, tho heart sounds were clear and precise, and 
the position of the apex beat was not displaced. The blood pressure was 
115/80 and equal in the two arms. No tracheal tugging could be de¬ 
tected and the pupils were equal and regular, reacting normally to light 
and convergence. No enlarged glands were palpable and the other 
systems of the body presented no unusual features. 

Radiology .—An anteroposterior and a left lateral x-ray picture 
showed a moderate-sized tumour abutting towards the left side and lying 
in tho anterior mediastinum. The tumour possessed a clear-cut outline 
and the aortic knuckle could be easily identified (Figs. 4 mid 5). A 
screening examination combined with n kymograph sliowod that the 
mass pulsated but was unconnected with tho norta and it was there¬ 
fore concluded that this pulsation was transmitted rather then inherent. 

Other Investigations .—The 'Wasscrmann reaction and tho Kahn test 
of the blood were both negative. 

The red blood cells numbered 5,500,000 per c.mm. with 94 per cent of 
haemoglobin; the wliite cells were 11,500 per c.mm. with a normal dif¬ 
ferential and no eosinophils. The blood sedimentation rate was normal. 

The sputum contained a mixed flora, but tubercle bacilli and spiro- 
chaotes were absent from it. 
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Bronchoscopy supplied no helpful information. 

An artificial pneumothorax was induced on the left side and the 
tumour inspected with a thoracoscope. It was rounded with a smooth 
wall and lay above and in front of the heart, pulsating freely with 
it. It had a cystic appearance. 

The possibility of mediastinal hydatid cyst was considered and much 
interest was aroused when the Casoni test proved to be positive, but the 
hydatid complement fixation test, which was carried out later, was 
negative. 



Fig. 4.—Case 2 (D. W.). Anteroposterior skiagram showing the tumour abutting 

toward the left side. 

The evidence, therefore, pointed to a benign tumour of the medias¬ 
tinum probably of the dermoid type, and a thoracotomj' was advised 
and accepted by the patient. 

Operation .—Operation was undertaken after the pneumothorax had 
re-expanded, and was performed by Mr. T. Holmes Sellors with an 
anterior approach under gas and oxygen anaesthesia. 

The chest was entered through an intercostal incision; the divided 
sternal ends of the second and third ribs were retracted upwards and 
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tho fourtli dowuwnrds. The tumour Ilien cnme into view. The pleural 
capsule was incised and the tumour separated from the left lung nnd 
pericardium to both of wliieli it was firmly united. Some difficulty was 
experienced in freeing it from the posteromedial attaelunent, especially 
at its upper pole which lay to the right of the midline, and an indefinite 
pedicle was seen. In tho course of this manipulation the cyst wall was 
punctured and a white semisolid structure, the size of a thumbnail, 
herniated through the opening. To this some huirs were nttached. The 
tumour was removed completely and the chest repaired without drain¬ 
age. 
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FJg. 5.-—Cane 2 (D. 'W-)- A lateral picture, game cnira an Fig. 4. 


The postoperative progress of the patient was fairly smooth. A blood 
transfusion was given shortly after the operation and on four occasions 
in the ensuing week some bloodstained fluid was aspirated from the left 
chest No empyema developed and a thin trickle of serous discharge con¬ 
tinued for some weeks from the sternal end of the wound, but this 
dried up and she was discliarged perfectly well two months after opera¬ 
tion. 
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The tumour was a multilocular cyst with thin walls containing a 
viscid, transparent, gelatinous fluid. There was a central core of warty 
consistence with one long hair and numerous short ones growing from 
it. 

Microscopy .—The warty central core was made np of fibrous and fatty 
tissue and covered by squamous epithelium. Sebaceous glands could be 
seen deeper in the section and some of the ducts into which they drained 
could be picked out. The walls of the loeulations were of similar struc¬ 
ture. In one area some tissue closely resembling salivary gland tissue 
was identified. 

This tumour, like the preceding example, could be classified as a tera¬ 
toma of the dermoid type and exhibited, histologically, similar character¬ 
istics to many such cysts recorded in the literature. 

Case 3.—Mrs. Y., aged 25 years, was a patient under the care of the 
late Dr. A. J. Scott Pinchin. Her health, until 1934, had been unre¬ 
markable except for a tendency to catch cold, which “colds” always 
descended to her chest. In 1934, she had a more severe respiratory in¬ 
fection than usual during the course of which a heart murmur was 
noticed and she subsequently experienced breathlessness on going up 
stairs or when hurrying. A skiagram, taken early in 1935, revealed 
an abnormal shadow. Towards the end of that year the patient had a 
series of attacks of pain in the upper part of the. left side of the chest 
associated with a temperature up to 100° F., much shortness of breath, 
and vomiting. She experienced three such attacks, each lasting about 
one hour. There were bouts of fever in between these attacks but little 
coughing, and her weight was steady. 

She was well nourished and displayed few physical signs on examina¬ 
tion of her chest. A radiologic investigation, however, disclosed a 
rounded mass with a well-defined edge lying in the anterior compart¬ 
ment of the mediastinum. The appearance of the tumour in the antero¬ 
posterior view is shown in Fig. 6; the lateral is not reproduced. 

She was kept under observation for six months and during this period 
her symptoms increased in severity and the tumour in size, and she 
developed an effusion at the left base. The diagnosis of probable dermoid 
cyst was made and exploratory thoracotomy advised and accepted. 

The operation was performed by Mr. T. Holmes Sellors, through an 
anterior incision, and adequate exposure of the mediastinum was ob¬ 
tained by resection of short lengths of the second and third ribs on the 
left side. An oval cyst, measuring about three and one-half inches 
in diameter, was seen lying in the anterior mediastinum. Its was 
adherent to mediastinum and chest wall and, although it proved possible 
partially to free the cyst, its complete removal could not be effected 
in view of the firmness of the adhesion to the pericardium andnaortic 
arch. Five-sixths of the tumour, however, was excised and sufficient 
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mobilisation of the remainder was accomplished to enable it to be drawn 
up to the original incision and mnrsupialised to it. The fluid content of 
the cyst, which escaped under pressure, was the oily, sebaceous matter 
characteristic of the condition and contained hairs and cholesterin 
crystals. 



Fig. 0.—Cmo 3 (Mn. Y.). Anteroposterior skiagram to «how the alio and ahape of 
the tumour. 

The patient’s recovery from the operation was uneventful and all 
Bymptoms were relieved. There remained, however, a persistent sinus 
and a small amount of discharge. Despite this disability sho gave birth 
to a male child whom she fed at the,breast. Some months later, the 
sinus was treated with pure carbolic aud formalin following which it 
closed and has romained sealed. This patient, when seen and examined 
six years after operation, was well with no symptoms, the sinns remained 
firm, and the x-ray picture showed little departure from the normal 
except for elevation of the left dome of the diaphragm dno to inter¬ 
ruption of the phrenic nerve at the timo of operation. 

This case, which again exemplifies the tendency of the dermoid cyst 
to enlarge and so cause symptoms early in adult life, is an excellent 
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illustration of the success that may result from partial removal and 
marsupialisation if total extirpation is prevented by firm union of the 
tumour with neighbouring structures. 

Case 4.—W. B. was a man, aged 33 years. He gave no history of any 
pulmonary disorder nor was he complaining, at the time he was 
examined, of any symptoms referable to the respiratory tract. One 



F^S- 7.—Case 4 1 L. B.). Anteroposterior skiagram of a tumour of the left side, 

presumed to be a dermoid c.vst. 

brother had recently contracted pulmonary tuberculosis and another 
had died of the disease a few years before, and it was in response to 
a request from Dr. J. E. Stokes, the Tuberculosis Officer of his district, 
that he attended the Dispensary as a “contact.” A routine screening 
of his chest was performed and an unusual shadow seen. He was re¬ 
ferred to Dr. W. Burton "Wood’s outpatient clinic at the London Chest 
Hospital for a more detailed investigation. This was in 1937. 

He was a thin man of average build and his general physical condi¬ 
tion was good. He confessed to no pulmonary symptoms and the 
only abnormal physical signs that could be detected were some impair¬ 
ment of the percussion note in front in the upper half of the left side of 
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the chest nnd nn area of localised pulsation in the third left intercostal 
space, ono nnd one-half to two inches from the .edge of the sternum. 

The radiographic appearance of the chest in anteroposterior and left 
latornl view is depicted in Figs. 7 nnd 8. These films show a rounded 
shadow with a dearly dofined edge apparently arising from the medias¬ 
tinum and cneronohing upon the left lung. It was anterior in position. 
On the screon it was separate from both tho aorta nnd pulmonary artery 
ns for as could he determined, and it pulsated. 



Flp. 8 .—Cjuw 4 (L. B.). Lateral view, wane case ns Flp. 7. The tumour i» #een to 
llo In tho anterior mediastinum. 

The Wassermann reaction of the blood was twice negative, as was tho 
Friedman test. 

The pationt was re-examined some months later when further x-ray 
pictures were taken. There had been no increase in the size of the 
tumour in that period. 

He was encouraged to attend the outpatient department at regular 
intervals in order that a watch might be kopt upon his progress, but his 
visits were only sporadic and lator ceased entirely. All further attempts 
to get in touch with him were unsuccessful until December, 1939, when 
he was traced and persuaded to submit to another x-ray picture. The 
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appearance of the tumour then, two years after the discovery of the 
disease, was similar in every respect to that previously noted and no 
increase in its size was detectable. At this examination, however, the 
impression was formed that the pulsation in the third left interspace was 
more obvious than it had been a year before. 

The patient’s mentality was of a low order and his reaction to a dis¬ 
cussion as to the nature of his illness and what could be achieved and 
possibly prevented by surgery was unhelpful. For this reason and 
because of the symptomless character and stationary size of the tumour, 
an exploratory thoracotomy was uot pressed. 

It is evident that the diagnosis in this instance is as yet unproved. 
That it is a benign tumour seems reasonably assured in mew of the 
absence of symptoms and a failure to grow over a span of many months, 
while the position of the tumour in the chest and the sharply defined 
contour of the mass seen in the x-ray picture suggest, in conjunction 
with other proved examples that have been observed or studied in the 
literature, a teratoma of the dermoid type. 

Case 5.—W. D., a man, aged 27 years, was admitted to the London 
Chest Hospital under the care of Dr. H. Y. Morlock for investigation 
and treatment. 

There had been no history pointing to chest disease until three years 
before, when he had an attack of pneumonia that left him with a residual 
cough culminating in an haemoptysis six months before admission. 
The blood was moderate in amount and dark in colour. The cough be¬ 
came productive of an offensive, purulent sputum, particularly in the 
morning. The sputum was negative for tubercle bacilli. Four months 
previously he had become more seriously ill. The cough and sputum 
increased and caused him to vomit in the morning and he lost about 
two stones in weight. 

At the time of his admission to the London Chest Hospital he was 
very ill with an irregular temperature up to 101° F., dyspnoea, and 
clubbing of the fingers. Physical examination disclosed signs in the 
left side of the chest consisting of restricted movement and impairment 
of percussion note from the clavicle downwards. Breath sounds were 
weak in front and absent at the left base posteriorly. 

The sputum, which amounted to between three ounces and five ounces 
daily, was purulent and contained a variety of organisms including 
spirochaetes. In it were seen, also, numerous yellow granules that 
microscopic investigation showed to consist of clumps of acid-fast bacilli. 
This led to the sputum being reported first <as positive for tubercle 
bacilli, but a more detailed study showed that these organisms were 
acid-fast but not alcohol-fast and if treated first with alcohol they lost 
there acid-fast properties. 

At bronchoscopy a tumour was seen blocking the lumen of the 
left main bronchus and pus was pent up behind the obstruction. A 
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portion o£ the tumour was removed lor microscopy and the section dis¬ 
closed stratified epithelium from which processes were identified, dipping 
deeply down into the flbrocollulnr tissue beneath. The tissue was in¬ 
filtrated with loucocytes. 

A few' days later the patient coughed up a portion of the tumour the 
sire of a hazelnut and resembling a fibroma in appearance. This was 
followed by a severe haemorrhago and death ensued. 

At autopsy the left pleural space was obliterated and the right sae 
contained some free fluid. A large cyst lay in the anterior mediastinum 
and oxtended into the left thoracic cavity. It was attached to tho peri¬ 
cardium. In places tho wall was composed of dense tissue tliree-fourths 
iuch in thickness, while in other parts it was thinner. From the inside of 
the cj’st were numerous papillomatous processes projecting into the 
cavity and some of these supported smallor papillomata. To these 
processes hairs wero attached and the lining membrane was pitted, 
strongly resembling skin. A largo quantity of sobaeeous matter was 
present in the cyst. 

Tho left lung was the seat of pneumonin with bronchiectasis at the 
base, while a terminal bronchopneumonia was present in the right lung. 
A communication was found between the cyst and the bronchial tree. 

This case illustrates how an infected dermoid cyst may terminate 
fatally in a few months if surgical treatment is withheld in the early 
stages, and provides an example of pulmonary suppuration and 
bronchiectasis occurring secondary to pressure on the bronchus by 
the tumour and the aspiration of the infected contents of the cyst. It 
is also interesting from the bacteriological point of view, for no other 
case in the literature can be found in which examination of the sputum 
has revealed similar organisms to the acid-fast, nonalcohol-fast bacilli 
isolated in this instance. 

Case 6. —B. S., a little girl aged 1 year and 4 mouths, was never seen 
by a doctor until after hor death. From the mother’s statement there 
was little indication of respiratory disease and no suggestion of a recent 
failure of general health. There was, however, n history of “mild 
bronchitis” for a few weeks. Suddenly, early one morning, slie had a 
convulsive seizure and died twenty minutes later before medical aid 
could reach her. 

At autopsy a tumour of moderate size was found in the anterior 
mediastinum. It was mainly solid but contained numerous cystic spaces 
filled with grnmous material and, in some areas, haemorrhagic oxudnte. 
Tho tumour surrounded the trachea and great vessels to all of which 
it was firmly attached while, a little lowor down, it was firmly adherent 
to the pericardium. Dissectiou failed to free the tumour completely 
from its neighbouring mediastinal structures. No other abnormality 
was disclosed by the post-mortem examination and no sccondury deposits 
were found. 
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Microscopic study was made from three sections cut from different 
portions of the tumour: 

Section 1: A large part of the tissue in the first section was com¬ 
posed of apparently normal thymus gland, including Hassall’s cor¬ 
puscles, separated from the main mass of the tumour by a distinct 
harrier of fibrous tissue. 

The tissue itself presented a glandular appearance with the cells ir¬ 
regularly arranged but with an attempt at acinous formation. It could 
best be described as adenocarcinomatous. 

Section 2: The second section was composed predominantly of cystic 
spaces lined by cubical and high columnar epithelium. For the /most 
part the epithelium constituted a Single layer, hut in a few places it was 
heaped up and ciliated. Between these two extremes a transitional 
stage could be made out indicating that the one was only a variant of 
the other. Many of these cells were goblet cells and obviously mucus- 
secreting. 

An interesting feature of this section was the presence of undoubted 
salivary gland tissue, while, in addition, pigment could he seen which 
failed to take the stain for free iron, thereby suggesting that its origin 
was not haemorrhage but more likely melanin from the choroid. 

Section 3: One plaque of cartilage was seen in this section and was 
found nowhere else. Cystic spaces similar to the foregoing Avere found 
and the adenocarcinomatous tissue, necrotic and haemorrhagic in parts, 
was present in abundance. 

On this histological e\ddence there seems little doubt that the tumour 
was a mainly solid, partially cystic, teratoma that had undergone 
malignant, adenocarcinomatous degeneration and so brought about the 
death of the child. 

PATHOLOGY 

Although the origin of teratomata of the mediastinum is believed to 
result from faulty development occurring in embryonic life, it is well 
recognised that the majority lie dormant Avithin the chest for many 
years and only become obtrusive when adolescence or early adult life is 
reached. This is home out by a study of 174 cases in the literature in 
which is given the age at diagnosis. These cases can be grouped into 
decades as shown in Table I. 

Table I 


age (yeaes) 
0 - 9 
10-19 
20-29 
30-39 
40-49 
50-59 
over 60 


NO. OF CASES 

17 

27 

68 

37 

11 

13 

1 

Total 174 
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The specimens found accidentally at autopsy on patients who died 
of an independent disease have not been included. There is no predilec¬ 
tion for sex: out of 177 instances in which the sex is stated, 91 were 
found in females and 86 in males. 

The position of theso tumours in the chest is the nnterior mediastinum, 
but they are generally found to encroach upon one or other sido of the 
thorax. Even when they seem to have no apparent connexion with the 
mediastinum, a pediclo will sometimes be discovered stretching from the 
tumour to the centre of the chest. Neither side is favoured in this en¬ 
croachment, for in 16G cases iu which information is available, 88 abutted 
towards the right lung field, 65 inclined towards the left side, while 13 
are given as central in position. 

Pathologically the tumours exhibit the utmost variation and although 
it is possible to recognise two definite types—the simple dermoid cyst 
and the inorc complox teratoma—this division is not a rigid one. An ap¬ 
parently simple cyst will bo found to contain tissue that unquestionably 
stamps it ns a teratoma, wlule in other instances the main bnlk of the 
tumour is simple and cystic, but at one pole is found a solid collection 
of tissue containing representation from all three germinal layers. It is 
convenient, therefore, to describe all these tumours ns teratomata and 
to qualify the torn according to the type of tumour. Thus, for purposes 
of description, they will be divided into teratomata of the dermoid typo 
and the solid teratomata. 

Teratoim of the Dermoid Type .—The dermoid is the simplest and 
the commonest typo of teratoma found in the anterior mediastinum. 
It is generally composed of one single cystic cavity containing sebaceous 
material, but it may be bilocular or multilocnlar. In some cases acces¬ 
sory and smaller dermoids are found clustering around the parent cyst 
but having no connexion with the main tumour. Examples of this 
havo been recorded by Carpenter (1906) and Harris (1919) and in 
the first case described in this communication a small daughter cyst, the 
size of a hazelnut, was attached to the heart’s apex. It was filled with 
the same yellow sebaceous fluid ns the main cyst but was quite distinct 
from it. 

Macroseopieally, the dermoid cyst may remain small and latent 
throughout life. On the other hand, it may attain a very large size, 
this tendency to grow usually becoming manifest in adolescence or early 
adult life and seems often to he provoked by nn independent respiratory 
infection such as pneumonia or nn attack of so-called influenza. The 
wall of the cyst on its outer surface is normally smooth nnd enclosed 
in a fibrous capsule, but it may be bossed. It is sometimes attached to 
the mediastinum or sternum by a pedicle of variable length and thickness 
that has to be ligated and divided if surgical treatment is to be success¬ 
ful. Apart from this pedicle it is common to find the cyst adherent to 
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surrounding intratkoracic structures such as the pericardium covering 
the heart and great vessels, the lungs and bronchi, the chest Avail, 
sternum, mediastinum, and parietal pleura in approximately that order 
of frequency. These adhesions range from thin, tentative attachments 
that can easily be broken down by blunt dissection to a firm and intimate 
union requiring the knife or scissors for their release if, indeed, they 
can with safety be severed. From the inner lining of the cyst numerous 
lingerlike protuberances are often discovered jutting into the cavity, or 
a hard ridge is detected miming the length of the tumour. This ridge 
may be partially made up of cartilage or bone, in some cases conform¬ 
ing to a well-known structure in the body such as the superior maxilla 
(Gordon, 1827). As a rule it is from these papillomatous processes 
or from this i*idge that wisps or clumps of hair spring. 

Microscopically, a dermoid cyst is a benign and relatively simple 
tumour although rarely it is found to have undergone malignant change. 
In the main the structure closely resembles that of skin, with an epithe¬ 
lial lining frequently of the squamous type, sebaceous and sweat glands 
present in large numbers, and hair follicles evident, together with smooth 
and sti'iated muscle. Deposits of calcium and plaques of bone, cartilage, 
and teeth have keen encountered on many occasions and a feature of 
many specimens is glial and nerve tissue and retinal pigment derived 
from the choroid ('Whittemore, 1923 and Doran & Lester, 1939). 

The epithelium of a dermoid cyst provides by its diversity a charac¬ 
teristic feature. It is not always of the stratified, squamous type but 
may be transitional in character, cubical and high columnar, -with or 
without cilia. In some examples all kinds of epithelium have been 
present. Sometimes tissue derived from germinal layers other than ecto¬ 
derm is apparent, such as salivary gland (Goebel and Ossig, 1912; 
Komer, 1918; and Kleinsclimidt, 1920), pancreas -with islets cells 
(Gordon, 1930; and Habliitzel, 1933), thymus, thyroid, and intestine. 
It is this type of histological finding that bridges the gap between the 
dermoid cyst and the solid teratoma. 

Solid Teratoma .—The solid form displays a difference from the 
dermoid cyst just described partly in its macroscopic and histological 
structure and partly in its potentiality for malignant, change. A study of 
the tumours of this class that proved to be malignant shows that 70 per 
cent have arisen in the solid teratomata and 30 per cent in the teratomata 
of the dermoid type. The term solid teratoma is not an exact one, as 
many examples placed in this category are only partially solid and con¬ 
tain, in addition, multiple small cystic spaces filled with mucus and 
often containing blood. The naked eye appearance varies from a 
tumour that is difficult to distinguish from a teratoma of the dermoid 
type to a complex growth with an organised structure that deserves 
the name parasitic foetus (Harrington, 1932). 

Mcroscopicallv, too, the tissue that comprises the more solid forms 
of teratomata, although derived from all of the thiee germinal lasers, 
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exhibits n rnrinblc complexity tlint mn.v be very simple or mny reveal 
tissue representative of every orgatl'of the body. 

PATHOGENESIS 

The mediastinal terato-dermoid tumour provides a perplexing aeti- 
ological problom for which there is even yet no satisfactoiy explanation. 

In tho earlier writings there is apparent a tendency to regard the der¬ 
moid cyst as a separate entity from the teratoma and Leliert (1858), 
who first suggested tho division, looked upon the two types as distinct.. 
It is very templing to adopt tills view and to postulate a separate 
aetiology for theso two groups which apparently differ so widely in their 
pathologic features nnd malignant propensities. On this basis the 
dermoid cyst would be classed ns an inclusion phenomenon occurring 
in a line of natural cleavage and, thus, would fall into line with cysts 
of similar structure found in other parts of tho body. The ovidence 
supporting this hypothesis can be summarised as follows: 

1. The structure of the dermoid cyst, Btudied by previous workers, 
often conforms closely to that of the skin nnd its appendnges and 
no embryonic layer other than tho ectoderm is represented. The ter¬ 
atoma, on tho other hnnd, is made up of all t.liree layers of the blasto¬ 
derm. 

2. The situation of tho cyst in tho anterior mediastinum behind the 
sternum is explained, although no account is taken of the rigid disposi¬ 
tion of tho tumor high up in the superior mediastinum and only excep¬ 
tionally lower down at the level of the diaphragm. 

3. Prestomal dermoids arc well recognised nnd many' of these are 
found to have no connexion with tho mediastinum at all (Glutton, 1887; 
Bird, 1904; Selby, 1906; Morcstin, 1912; Cavalcanti, 1913; JIacEwen, 
1913; and others). In others it is the presternal dermoid that first 
attracts attention and at operation for its cure a communication is 
found piercing the sternum and opening into a second, often a larger, 
cyst in the mediastinum (Bergman, 1898; Hathaway, 1923). This 
could be named the “dumb-lrell” type of dermoid tumour. Again, there 
have been cases recorded in which there was no demonstrable presternal 
cyst but an abnormality of the sternum has been noticed at an opera¬ 
tion planned to remove a mediastinal dermoid tumour. Thus, Bobertson 
and Brown (1929) found the sternum bifid, while Komer (1918) bow an 
opening in the sternum, pencil-sized, against which the tumour was 
closely apposed. Finally, an intrathoracic cyst is sometimes fonnd 
firmly attached to tho undersurface of the stomum by a distinct pedicle 
that could he regarded as the homologue or replica of the more perfectly 
developed canalised "waist” of the dumb-bell tumour. Thus, there is 
every gradation between a presternal dermoid with no intrathoracic 
association and a mediastinal cyst isolated from tho surface of tho body 
by a normally developed thoracic cage. 



190 THE JOURNAL OP THORACIC SURGERY 

Attractive as this dual theory of origin might appear, the evidence 
adduced in support of a separate aetiology for the dermoid cyst is not 
irrefutable. The incidence of developmental curiosities of the sternum 
is small and the number of occasions on which a pedicle has been seen 
attaching the cyst to the sternum is few when compared noth the total 
number of mediastinal dermoid cysts placed on record, the overwhelm¬ 
ing majority of which are entirely intyathoracic and many of them not 
even adherent to the undersurface of the breast bone. 

Moreover, as knowledge of the pathology of these tumours accumu¬ 
lated, many borderline cases were recognised until, finally, it became 
clear that no simple classification of these tumours into the dermoid 
cyst, comprising ectodermal structures only, on the one hand, and the 
teratoma, composed of all three layers of the blastoderm, 'on the other, 
was possible. There is little doubt that pure ectodermal cysts, re¬ 
sembling epidermis, do exist but it is possible that had many of the 
examples so described been submitted to more searching microscopic 
study, entodermal and mesodermal elements might have been discov¬ 
ered. It was the full realisation of the gradation from simple to com¬ 
plex that led Harrington (1937) to suggest that the terminology should 
be based on histology, while others workers have coined the name “tera- 
todermoid” to include all forms. 

To lay on one side the theory of a dual aetiology and to group all 
these tumours together postulating a common mode of origin for them 
serves only to clear the ground and to direct attention to a possible de¬ 
velopmental anomaly that takes place in intrauterine life. Several hy¬ 
potheses have been advanced. Collenberg (1869) suggested that the 
simple cysts were derived from the ectoderm of the branchial arches 
and were thus related to the thyroid gland. He was no doubt influenced 
by the specimen that he was studying, which contained thyroid vesicles, 
was connected to the gland by a narrow band of tissue, and was supplied 
with blood by the inferior thyroid artery. Marchand (1883), on the 
other hand, when discussing a case that was intimately connected with 
thymus, saw in ectodermal rests in that gland a possible source of the 
tumour. Other workers have demonstrated thyroid and thymus tissue 
in their preparations, but it is the exception and not the rule and when 
observed can be looked upon as a chance outcome of totipotential de¬ 
velopment. It is unlikely that a teratoma, so complex and primitive 
in structure and so diverse in form, can be dependent, developmentally, 
upon any single mature organ of the body, and its origin must be traced 
to an earlier and less differentiated stage of embryonic life. The ‘ ‘ ab¬ 
sorbed twin” theory, emanating originally from Dangschat (1903), 
whereby one “twin” (the autosite) engulfs the other (the parasite), 
takes cognisance of this and makes the presence of chorionepifheli- 
omatous elements easy to understand. A fanciful variant of this view 
is the stimulation by a physiochemical process of the segmenting ovum 
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at the two-cell stage leading to isolntion of blaslomeres that undergo 
cleavngo. Two identical embryos are produced, one of which becomes 
parasitic upon inclusion in the midlinc of the other during the closure 
of tho thorns. Other possible modes of origin arc believed to be an 
extruded polar body or nn aberrant sex cell. The latter are found in 
various positions in the embryo apart from the sex glands and are con¬ 
sidered to be capable of parthenogenetic development. 

The most reasonable proposition so far propounded is based upon the 
suggestion of Collenberg that it is in an nbnonnality of the tliird and 
fourth branchial arches that a likely explanation for the origin of these 
turnouts is to be found. It is bolieved that the cells destined to multiply 
into the teratoma become separated off at this point and are carried into 
the thorax by the normal descent of the heart and grant vessels. Such 
a theory accords well with the constant position of these tumours in the 
anterior mediastinum from the thoracic inlet to the front of the heart. 
Moreover, it is in the neighbourhood of the third and fourth branchial 
arches that development assumes its greatest degree of complexity, and 
ectoderm and entoderm come into a most intimate relationship with 
each other. Tliis applies particularly to the epithelium, for epithelial 
elements of all kinds and in profusion are a striking feature of the ternto- 
dermoid tumour. Such complexity offers every inducement to misplace¬ 
ment of cells. Finally, it provides a possible reason for the frequency 
with which these tumours are found ndhorent to the pericardium and 
main arterial trunks, u fusion that is sometimes so complete aB to defy 
all attempts at separation. 

It must lie admitted, however, that each theory has its shortcomings, 
none fits all the facts, and tho final elucidation of this problem must be 
awaited. 

CDINICAL FEATURES 

The developmental nature of this group of tumours, taken in con¬ 
junction -with the customary age at which the benign varieties first make 
their presence folt, presupposes that many, if not most, of them remain 
clinically latent for a number of years. This presumption is justified 
by Case 5 and has, in fact, been recognised for as long as theso tumours 
have been known, for Gordon (1827) ends his original description with 
theso words: “. . . I should consider the tumour had co-existenee with 
the subject from which it was taken, and was carried without incon¬ 
venience, till inflammation in its neighbourhood excited that fluid secre¬ 
tion upon which its enlargement and consequent inconvenience de¬ 
pended.” For purposes of presentation, therefore, the clinical man¬ 
ifestations can bo conveniently grouped according to the ways in which 
theso tumours eventually become obtrusive. 

1. Growth and the Effects of Pressure .—A progressive enlargement of 
tho tumour, such ns has been noticed to occur most commonly in the 
third and fourth decades of life, will ultimately produce symptoms due 
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to the pressure of the mass upon neighbouring structures within the 
thorax. 

Cough, with or without expectoration, is the commonest individual 
symptom. In type and intensity it displays the utmost variation which 
is apparent not only when one case is compared with another, but in the 
evolution of the disease in any one patient. 

In the beginning it is short, dry, and irritating and a “barking” 
quality may be imparted to it and was, indeed, a striking feature 
of Case 1 of tills series. Coughing may be practically constant but more 
often it is paroxysmal and the spasms, which have been known to last 
for several minutes at a stretch, are associated with dyspnoea and are 
sometimes ushered in by attacks of breathlessness (Ekehorn, 1898). 
The published records contain many instances in which the position of 
the patient has a noticeable effect upon the cough, the adoption of a 
certain posture, such as lying on the back or on one or the other side, 
serving to excite the paroxysm which is relieved as soon as the patient 
sits erect. Although there is often no close agreement between the 
situation of the tumour and the position the patient adopts, yet a study 
of this symptom does suggest that cough and breathlessness are both 
liable to be provoked by lying flat on the back or upon the side into 
which the mass projects. This was certainly time of the patient in Case 
1, who was always to be found sitting up in bed knowing quite well that 
were she to lie down breathlessness and a “tickling in the throat” would 
inevitably follow. Although at this stage the cough is dry and useless 
it may produce a scanty mucoid expectoration occasionally stained with 
blood. A streaky haemoptysis, explicable as arising from localised con¬ 
gestion, may be a terminal event of every coughing fit (Bergman, 1898). 
Tliis dry, hacking cough, so common an early symptom as to be almost 
universal, may yet be absent throughout the patient’s entire illness 
(Phemister and associates, 1936). 

Dyspnoea, with cough, is a complaint more commonly found than 
any other and is generally first apparent on effort. It may, however, be 
quite unrelated to exertion and be seen in the form of suffocative at¬ 
tacks that have been described by patients as “smothering spells” or 
“choking fits.” Cordes (1859) mentions the occurrence of periodic 
asthma, while attacks of urgent dyspnoea with cyanosis have been ob¬ 
served as terminal events. The relationship that dyspnoea bears to 
posture has already been referred to and careful questioning of a pa¬ 
tient, with this in mind, is often helpful in making a diagnosis. 

Pain in the chest is frequently encountered in the history of these 
patients and resembles the pain of pleurisy in so far as it is sharp and 
lancinating and aggravated by coughing, laughing, deep inspiration, and 
effort. Pain of this kind is very likely pleural in origin and may be 
uiitiated by distension of the cyst stretching the pleural covering, by a 
drag upon adhesions attaching the tumour to the parietal pleura, or by 
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nn infection of the pleural envelopo itsolf by contiguity or rupture of 
the cyst. 

Pain, however, need not be confined to tho chest wall nor need it be 
pleural in type. In somo pntients it has been felt in tho shoulder with 
a radiation down tho arm, generally along the ulnar side, to cause a 
feeling of pain or numbness in tho hand nnd fingers. This manifestation 
was accompanied, in somo instances, by pnresis of the limb and muscular 
wasting. Even more remarkable was Tufflcr’s ease (1919). This patient 
was a mnn who suffered from attacks of nnginn pectoris, the cause of 
which was diagnosed by Yaquez ns a mediastinal cyst. At operation n 
large dormoid cyst was found so closely adherent to the heart and great 
vessels thnt the aorta, auricle, nnd ventricle could be seen beating within 
it and no pericardium was npparont. The “anginal” pain was com¬ 
pletely relieved by a drainage operation and the subsequent piecemeal 
crushing of tho calcareous wall of tho tumour. Abdominal pnin, as a 
prominent symptom, hns been recorded, nnd in two cases (Pflanz, 1896, 
and Harrington, 1933) pnin referred to the ear of the same side of tho 
hody ns the tumour hns been described. 

Engorgement of the veins of tho nock is not uncommonly found in 
conjunction with swolling of the face, nnd one jugnlar voin is sometimes 
seon standing out more prominently than its fellow on tho opposite side. 
If venous obstruction is of a high grade, oodemn of the feet, ascites, 
nnd anasarca become evident. 

Palpitation of the heart is by no means nn infrequent symptom and 
was one of tho earliest noticed by the patient in the first case of this 
series. It is tho result either of pressure upon the heart or of dis¬ 
placement of the organ by the tumour. The rhythm is ofton found 
to be irregular. Sauerbruch hns drawn attention to the occurrence 
of paroxysmal tachycardia due to tho pressure of mcdinstinnl tu¬ 
mours, a Bymptom that may also be excited by a tampon used after 
modiastinnl operations nnd relieved ns soon as the plug is removed. In 
Case 1 the dormoid cyst was so closely adherent to the front of the peri¬ 
cardium thnt it was impossible at autopsy to sepnrato the two struc¬ 
tures, nnd such close cohesion may holp to explain tho promincnco and 
early appearance of palpitations. A similnr instance of firm union be¬ 
tween tho tumour and tho pericardium is given lw Monnt (1909). He 
experienced the same difficulty at autopsy when he attempted to sepnrato 
tho tumour from tho heart and was unable to recognise the pericardium. 
Tnchycardia is important in assessing the risk of mnjor surgery im¬ 
plying, as it does, a long sustained interruption of the normnl pneo nnd 
sometimes rhythm of the heart action. 

Pupillary changes have been mentioned in some accounts, but only 
rarely. A complete Homer’s syndrome on the right side due to sympa¬ 
thetic paralysis has been seen in a patient with a dermoid cyst by 
Heuer (1929). 
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Alteration of the voice due to pressure on the recurrent laryngeal 
nerve has been observed. It is more commonly found with tumours 
that abut towards the left side than towards the right. The voice as¬ 
sumes a husky quality and the change of pitch is usually towards a lower 
tone. Laryngeal examination may reveal a paralysis of the correspond¬ 
ing vocal cord. 

Among the more unusual manifestations of pressure are dysphagia 
which was encountered by Turk (1903) and, perhaps, pressure upon 
the vagus nerve can be invoked to explain the case of sudden death that 
Joel (1890) recounts in a boy of 14 years, about whose previous health 
nothing Avas known, who jumped into an omnibus just as it was starting 
and fell dead. The tumour at autopsy proved to be a teratoma that 
lay within the pericardium in front of the heart, firmly attached to, but 
not communicating with, the pulmonary artery. 

2. The Onset of Infection Within a Cyst. — The adA r ent of infection 
within a cyst is frequently so dramatic in onset and so gra\ r c in outcome 
that it may be reckoned one of the most dreaded complications of an ap¬ 
parently benign, symptomless dermoid tumor. It is associated, as a 
rale, Avith rupture of the cyst Avail into a bronchus or pleural cavity and 
is liable 'to folloAv the formation of a fistula. Such an accident occa¬ 
sionally precedes a rapidly fatal result as in the case recorded by 
Christian (1902) of a Avoman, aged 38 years, who gave an indefinite 
chest history for six years, latterly with small haemoptyses and the 
occasional appearance of hail's in the phlegm. Quite suddenly she spat 
up a large quantity of blood and pus and died shortly afterward. A 
similar example, although not so severe, in which a fatal outcome was 
averted by timely surgical intervention, is recorded by Heuer in 1929. 
The patient, a coloured labourer, aged 53 years, experienced, during 
effort, the sudden onset of an acute pain in the right side of the chest 
together .Avith shortness of breath and cough. The symptoms suggested 
a spontaneous pneumothorax but an x-ray picture disclosed a cyst Avith 
an almost completely calcified wall. It contained air and shoAved a fluid 
level, Avhile at one comer of the calcareous em r elope a crack Avas A-isible 
at which point a communication Avith the bronchial tree had become es¬ 
tablished. 

Infection of the contents, hoAvever, may occur independently of fistula 
formation and the accumulation of inflammatory fluid is one possible 
explanation for that sudden increase in size that these tumours undergo. 
Moreover, the process may occur silently and unobtrusively as the fre¬ 
quency Avith which this class of tumour is found adherent to neighbour¬ 
ing structures such as lung and pericardium testifies. Heuer (1929) 
recounts an experience that has a bearing on this. He remoA r ed, Avithout 
opening the pleura, a dermoid cyst from the right side of the medi¬ 
astinum of a woman, aged 33 years. The entire titmour was removed 
but was raptured during the operation and, although the contents 
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were evacuated with a gall bladder scoop, a suppurative medinstinitis 
and empyema of the right side developed. Thero seemed no just grounds 
for blaming faulty surgical technique for tliis complication and Heuer 
believes that infection can occur at the same time as an acute respiratory 
illness and persist after the lung inflammation has subsided. The spread 
of infection from luug to cyst by contignity is possible but equally pos¬ 
sible is the transport of organisms from outlying foci into the tumour by 
the blood stream. 

The end result of bronchial communication and infection is force often 
of a hectic type; the oxpectoration of a large quantity of offensive 
sputum; haemoptysis, more copious than hitherto and which may he so 
pyofuse as to lead to a fatal issue (Ogle, 1897); clubbing of the fingers; 
cachexia; and death. It is not surprising, therefore, that in the early 
days the condition should have been misdiagnosed during life and 
labelled bronchiectasis, empyema, or pulmonary tuberculosis. 

3. The Formation of a Bronchial Fistula Without Obvious Infection .— 
In the same way as the cyst contents can become infected without neces¬ 
sarily leading to n bronchial fistula, so a communication between the 
cyst cavity and the bronchus can become established in the absence of 
overt infection. That is to say, symptoms may be minimal and easily 
explained by the effect of pressure and yet careful questioning will 
reveal the presence in the sputum of “atheromatous matter,’’ “elay- 
liko particles,” and hairs that can only have come from the contents of 
a dermoid cyst, and lead, when recognised, to a confident diagnosis. The 
subject of sputum examination, however, will be dealt with fully in the 
section devoted to special investigations. 

4. Presentation of the Tumour in the Neck or Chest .—It has been 
possible to collect from the literature twelve instances in which the first 
clue to the presence of intrathorncic dermoid cyst was furnished by the 
appearance in the neck of a visible swelling, and in at least two other 
cases (Gordon, 1827; Pochn, 1871) such a tumour became obvious later 
in the course of the disease when other manifestations had brought the 
patient under observation. Soft and fluctuating, sometimes exhibiting 
pulsation, these tumours, although readily recognised by both doctor 
and patient, aro not always appreciated as tho outwnrd sign of an in¬ 
ward and more serious disease. This was particularly evident, and 
quite understandable, in the days before radiography was employed. 
Thus, Kiickmann (1874) records a soft fluctuating swelling that ap¬ 
peared in tho loft side of the neck and pushed the sternal end of the 
daviclo forwards, hut it was some montlis before the diagnosis was finally 
established, while Koenig (1889) describes the incision of a dermoid 
cyst presenting in the suprasternal fossa and later trephined the sternum 
to evacuate the contents. It is remarkable whnt a long interval can 
elapse between the advent of a noticeable tumour in the neck and the 
manifestations of more serious trouble, for Shostak (1904) quotes a 
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young woman who remembered that she had had a tumour in the neigh¬ 
bourhood of the right jugular vein since childhood which showed no 
inclination to grow larger until after a chill contracted when she was 22 
years of age. This story suggests that infection may have had some 
influence upon the course of the disease by leading to a sudden enlarge¬ 
ment of the cyst. Trauma is another possible predisposing factor, for 
Jones (1880) related how a boy aged nine years received a blow on 
the sternum and three weeks later developed a tumour containing milky 
fluid in the lower part of the neck. 

Although the neck is commonly the site at which an intrathoracic 
dermoid cyst presents when it approaches the surface, this is not in¬ 
variable and the contents of a cyst, particularly if infected, may, like 
an empyema necessitatis, appear in other parts of the chest. Mandle- 
baum, for instance, in 1900, described a swelling in the front of the 
chest above the right breast at the level of the third rib and von Torok, 
in the same year, recorded the ease of a small child who had an abscess 
in the back three years before the existence of an intrathoracic tumour 
was suspected. In a separate group should be classed the partially 
presternal, dumb-bell type of mediastinal cyst. 

5. A Change to Malignancy and the Appearance of Metastases. —That 
the onset of malignancy can mark the first departure from good health 
in one who harbours a benign, symptom!ess mediastinal tumour is evi¬ 
dent from a survey of the published case reports. Thus, in Pinders’ 
first case (1887), autopsy revealed a cyst, with a solid portion that was 
shown to be malignant, and secondary deposits in the lungs and medi¬ 
astinal glands. Ritchie, also, in 1903, published an account of a man, 
aged 24 years, who gave a short history of only three months and whose 
condition was diagnosed as malignant tumour of the mediastinum with 
metastases in the lungs. A post-mortem examination disclosed a der¬ 
moid tumour with a solid upper pole containing many haemorrhages. 
Microscopy showed that the solid, haemorrhagic portion was composed 
of elements resembling a chorionepithelioma. Similar examples were 
put on record by von Eiselsberg (1903) and Ceelen (1912). The sud¬ 
den appearance of metastases arising from a tumour that was either 
symptomless or else looked upon as benign has a bearing on the ques¬ 
tion of treatment and will be referred to again in that connexion. 

PHYSICAL EXAJIINATION 

Apart from the appearance of the sputum and certain peculiar charac¬ 
teristics that it possesses there is no one physical sign or group of signs 
that can be regarded as pathognomonic of terato-dermoid tumours of 
the mediastinum. There may, indeed, be no abnormality detectable upon 
examination until the thorax is illuminated by x-rays. On the other 
hand, if pressure symptoms are evident, corresponding signs may be 
detected which in degree may vary from a disinclination to lie flat to 
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urgent orthopnoea, venous engorgement of face, eliest, and arms with 
oedema and cyanosis, pupillary changes, and disordered sweating of one- 
half of the face. In view of the customary position of the tumour in 
tho suporior mediastinum such abnormal signs as do exist will ho elicited 
in the early stages in the front of the chest. 

Tho affected sido may display a noticeahle bulging and Harrington 
(1933) tells of a young man whose tailor was the first to draw attention 
to an asymmetry of the chest wall five years before symptoms became 
added. Apart, however, from a homogeneous unilateral fullness of tho 
thorax and tho smaller and more circumscribed swellings in tho neck 
and chest to which reference has already been made, Case 1 illustrates 
how a localised area of pulsation can he a striking, if albeit a mislead¬ 
ing, feature. Movement is usually found restricted on the side of the 
chest into winch the major poftion of tho mass projects. 

Palpation will help to confirm a localised fullness of the thorax and 
any limitatiou of movoment; it will also enable a more detailed in¬ 
vestigation of pulsation to ho made and the position of tho heart’s apex 
heat to be accurately fixed- Tho impulse is often displaced by anteriorly 
placed mediastinal tumours. 

The resonance of the percussion note is impaired over a tumour of 
even moderate size and such an area of dullness can often he mapped on 
the front of tho chest although the lower limit of this impairment is 
sometimes difficult to dissemble from the cardiac dullness with which 
it merges. 

The breath sounds and the conduction of the spoken voice are faint 
or absent over the tumour. With the stethoscope, too, cardiac bruits, 
at tho apex or at the base of the heart, can sometimes lie detected and 
their correct interpretation is difficult. 

The physical signs so far enumerated are largely referable to the 
mass itself; in addition, there must be recognised those signs dependent 
upon secondary changes in the lungs such as atelectasis and suppura¬ 
tion. Attendant collapse of lung can, upon occasion, simulate a ploural 
effusion and when a collection of serous fluid, or even an ompyema, over- 
lies the tumour the recognition of the primary cause is no easy matter. 
The advent of infection of the contents of a cyst with a bronchial fistula 
and possibly secondary suppurative changes in the luug brings ns 
dramatic a change to the physical signs as it does to the presenting 
symptoms. A study of past descriptions of tills malady, read in tho 
light of modern knowledge, excites little wonder that our predecessors 
in the middle of the last contrary, compelled as they were to rely more 
upon an expert use of the natural senses than upon supplementary aids 
to implement the diagnosis, were often beguiled into orror. 

SPECIAL INVESTIGATIONS 

Examination of Sputum .—A discussion of the characteristics of the 
sputum in this disease has purposely been postponed until now, in or- 
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der that it may be dealt with as a whole. Careful interrogation of the 
patient and skillful examination of the sputum will occasionally bring 
to light the only diagnostic s 3 r mptom and the only pathognomonic sign 
of an intrathoracic dermoid cyst—the expectoration of hair and 
sebaceous matter. 

It has been possible to collect from the literature twenty-three in¬ 
stances where specific mention is made of the presence of hair in the 
sputum. The first recorded case is that of Muntz (1839), in a woman 
of 28 years, who stated that she had spat up hairs in the phlegm after 
forceful coughing ever since the age of 15 years. 

In the early 'years before the existence of these tumours became gen¬ 
erally recognised, the complaint of coughing up hairs was. viewed with 
scepticism by those in attendance. Thus, Godlee, in 1889, relates how 
this symptom was received with amusement by the patient’s husband 
and with incredulity by the doctor in charge, both of whom came to the 
conclusion that the source of the hair was a shawl that the woman was 
accustomed to wear. It was not until Godlee resected a rib with intent 
to drain an “empyema” and evacuated hairs with his exploring finger 
that the patient’s observation was at last believed and correctly in¬ 
terpreted. Similai'ly, in Cloetta’s ease (1861) the expectoration of 
hairs in quantity was regarded by the doctor as a deception. Even 
nearer to our own time the significance of this symptom has not always 
been appreciated for Becker, in 1927, described how a woman always 
produced hairs whenever she had an haemoptysis and yet the true 
diagnosis remained unsuspected until an artificial pneumothorax had 
been induced and a thoracoscopy performed; while Eloesser (1933) 
relates how the persistent disregard of the husband’s statement that 
haira were seen at intervals in the phlegm led to the retention of a 
woman in a sanatorium for two years with presumed pulmonary tu¬ 
berculosis. Nevertheless, earlier observers were not slow to realise the 
importance of this symptom for it was upon this observation that 
Nobiling, in 1869, based the first correct diagnosis of the disease made 
before death. Chronologically, Nobiling’s case was on] 3 ' the third to be 
recorded in which this phenomenon had been witnessed. 

The hail’s are often expectorated singly and appear at intervals 
spread over a long period before more distressing symptoms supervene. 
As trichoptysis implies a cyst-bronchial communication, it is evident 
that such a communication can exist for several years without serious 
infection of the contents taking place. This phenomenon is not unique 
and has a parallel in certain cases of tuberculous pyopneumothorax in 
which a bronchopleural fistula can be demonstrated and yet the pus re¬ 
mains repeatedly sterile on culture for secondary organisms. A state- ^ 
inent is frequently seen in the published accounts to the effect that hairs 
are voided only on forceful coughing. This suggests the operation of 
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a valve mechanism that will permit the escape of cyst contents when 
the act of coughing is vigorous but acts as a barrier to the passage of 
air and infection in the opposite direction. An alternative explanation 
is that the greasy, sebaceous contents of a cyst act as an efficient barrier 
to tho exit of hair by blocking the opening. It is only when expiration 
is sudden and forceful that this plug is dislodged. It is by no means 
rare, however, to notice that tho hairs in the sputum mug are matted to¬ 
gether or attached to concretions composed of fatty and atheromatous 
matter. Frogman exhibited such concrements before the Society of 
Swedish Physicians (Ekehorn, 1898) and Hcuer (1929) records the ex¬ 
pectoration of "claylike particles" until hairs attached. The colour of 
the strands bears no relationship to tho natural colour of tho hair of tho 
host, the hue being as a rule nondescript, occasionally blonde, and in one 
instance reddish. 

In othor respects the examination of the sputum supplies valuable ad¬ 
ditional evidence of a dermoid cyst. Sebaceous matter, with its oily, 
greasy consistency, is cluiraeteristic and fat droplets may be seen. More 
solid elements are sometimes forthcoming, which have been described 
as atheromatous matter and claylike particles. Cholestcrin crystals are 
distinctive but not pathognomonic aDd can be recognised by the glisten¬ 
ing, opalescent sheen that they impart to the surface of the fluid. 
Finally, reference must be made to the observation by Foucher (1901) 
of small, yellow, round balls resembling actinomycotic granules that oc¬ 
curred in a sample of sputum, and similar bodies were noticed in the 
fluid removed during the exploration of a cyst by Fanano (1937). 

Exploration of the Cyst or of a Presenting Swelling .—The contents 
of a cyst hove been tapped on numerous occasions in the mistaken be¬ 
lief that the diagnosis was a pleural effusion, and in some casts the dis¬ 
ease has remained nnrecognised until a rib has been resected for an 
“empyema thoracis.” In either event the character of the fluid ob¬ 
tained was sufficient to dear up the diagnosis in most instances. It 
must be remembered, however, when a formal exploration of a cyst is 
contemplated, that unless a wide bored needle is used, a “dry top" is 
likely to result owing to the thickness of the fluid that is somotimes en¬ 
countered. 

Although exploratory puncture bos been safely and successfully ac¬ 
complished and information of value obtained from the procedure it 
is not to be lightheartedly recommonded. To drive a needle of wide bore 
across what may be a free pleural space into a cyst that is veiy likely 
under tension is fraught with the danger of the escape of the contents 
into the pleural cavity there to excite a serous effusion or an empyema. 
There is greater justification, however, for needling a presenting swell¬ 
ing of the chest wall. It can be assumed with some confidence that in 
that situation the two layers of the pleura will have become firmly united 
and the danger of defiling the pleural space is negligible. Even so, the 
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exact position of the adherent area must be first cheeked by x-ray local¬ 
isation. Apart from this solitary exception, diagnostic exploration 
should not be carried out as a routine procedure as the difficulty of de¬ 
termining whether the pleural space is free or otherwise is great, while 
if the true nature of an intrathoraeic dermoid cyst is uncertain, an 
aneurysm of the aorta is presumably still one of the possible diagnoses. 

Radiology .—As in every department of modern chest medicine, radi¬ 
ology has contributed in no small measure to the early and accurate 
recognition of intrathoraeic tumour's. The x-ray film of today rivals 
the autopsy table of yesterday in supplying the first intimation of the 
presence of a mediastinal dermoid cyst. Moreover, there is every like¬ 
lihood of an increase in the number of symptomless tumours recognised 
in this way if mass radiology for the detection of early pulmonary 
tubercidosis is seriously applied to large groups of people or to militia- 
mem 

Turk (1903) was the first to apply radiography to the diagnosis of 
an intrathoraeic dermoid cyst and from that date onwards an antero¬ 
posterior picture of the chest, has been usefully employed, not only in 
envisaging the tumour, but in separating from the main mass such com¬ 
plications as pleural effusion or secondary pulmonary abscess. It has 
only recently been realised, however, that a radiological investigation 
is incomplete if one picture taken in one plane only is studied. A lateral 
view of the chest, in conjunction with an anteroposterior picture, is 
necessary if a sound opinion is to be formed as to the probable nature of 
a mediastinal opacity. 

A study of a terato-dermoid tumour in these two planes will show 
that it is usually circular or globular in shape with a clear-cut edge. 
The contour, however, may be irregular and lobulated, and Hammar- 
skjold (1934) attaches importance to this in distinguishing a solid 
teratoma, with its bossing, from the uniform and smooth margin of the 
dermoid cj’st. Another point of the utmost diagnostic importance is the 
position of the shadow. Clinical examination will often suggest that it 
lies in front; the lateral picture confirms this impression by showing 
that it occupies the anterior compartment of the mediastinum immedi¬ 
ately beneath the sternum. There are few other intrathoraeic tumours 
that are similarly disposed. This fact is clearly brought out in the x-ray 
reproductions of the first four cases here described. But the value of 
the lateral picture is not confined to fixing the site of the tumour; in 
conjunction with oblique views it will sometimes demonstrate a pedicle 
that attaches the tumour to the mediastinum or sternum. This observa¬ 
tion was first made by Hammarskjold (1934). The pedicle is not always 
present and is not always apparent radiographically but, if it is seen, 
it possesses diagnostic significance and has recently been recognised and 
correctly interpreted by Harrington (193 /) and by Smith and Mills 
(1938). 
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The main mass of the tumour, as n rule, has a homogeneous density 
hut occasionally this uniformity is interrupted hy small, more opaque 
areas that can he identified ns teeth or plaques of bone (Singer, 192S; 
Lnmnrqno and Clinptal, 1930; Bengolea, 1933; Hanington, 1933; 
Lambrct, 1933; Harrington, 1937). This greatly assists in the diag¬ 
nosis. Areas of calcification in the wall of a cyst are also opaque to 
x-rays and rarely the wall is wholly composed of calcareous matter re¬ 
sembling a shell. Difficulty may sometimes bo met in differentiating 
bone and teeth from calcareous deposits in lung and hilar glands, but 
lateral or obliquo skiagrams will show that the opacity lies in the wnll 
or substance of tho tumour and not outsido of it. 

A skiagram taken in the erect position will sometimes disclose a fluid 
level in tho mass. This is an important observation, indicating that the 
major portion of tho mass is cystic and that communication with a 
bronchus exists. If, in addition to a fluid level, the tumour can be dem¬ 
onstrated in the anterior mediastinum no other diagnosis than a dermoid 
cyst is permissible on radiological grounds. Phemistor and his co- 
workors (1936) have recently made an interesting radiological study of 
a dermoid cyst of the mediastinum and have demonstrated a “fluid 
level” in it in tho absenco of air and, hence, in tho absence of a cyst- 
bronchial communication. Their contention is that, provided the pa¬ 
tient sits quite still and erect for a short time before the picture is taken, 
the fat in a cyst will soparate off from tho aqueous contents at body 
temperature and riso to the surface Iiko cream, a line of demarcation 
forming between them. The cyst they studied was removed at opera¬ 
tion, and an x-ray picture taken of the excised tumour again showed 
the “fluid level.” After cooling, the fat broke up into clumps, floated 
in the aqueous fluid, and tho phenomenon was no longer seen. A por¬ 
tion of the cooled contents was heated in a cylindrical vessel and brought 
to 37° C. and maintained thus for twenty-four hours. The fat became 
fluid and the line of separation on an x-ray film was obvious. It is not 
always possible to demonstrate Phemister’s line and its existence may, 
to some extent, depend upon the nature of the fat This has only been 
chemically analysed in a few isolated instances. 

Bronchography with opaque oil does not occupy such an important 
place in the investigation of intrathoracic tumours as it does in other 
forms of nontuberculous pulmonary disease. Kerr and Warfield 
(1928) employed lipiodol for tho first time to reveal bronchial narrow¬ 
ing due to a cyst but the pioneer of “contrast radiography,” used in 
its broadest sense, was Morone (1909), who injected milk of bismuth 
into a sinus in tho neck and an x-ray picture of the chest showed that 
the sinus communicated with a cavity behind the sternum. For one 
purpose, however, bronchography i3 invaluable. It is often difficult to 
be certain how far such symptoms as foetid expectoration or haem¬ 
optysis arc attributable to an infected cyst or to secondary bronchiec- 
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tatic changes. It is important that this distinction should be made if 
radical surgery is contemplated lest too rosy a hope of complete and 
lasting recovery is placed in an operation that is inevitably difficult 
and dangerous. A successful bronehogram will supply the answer. 

The kymogram gives an interesting pictorial record of pulsation but 
its usefulness will remain limited until it is possible to infer more ac¬ 
curately than at present whether such pulsation is inherent or trans¬ 
mitted. A benign tumour will often display more vigorous “notching” 
of its edge than an aneurysm of the aorta. Likewise, the tomogram 
offers relatively little information of value. 

Fluoroscopic screening of the patient is helpful. Minute detail can¬ 
not he expected of this method but the relationship of well-defined 
structures within the chest can be made out with an accuracy that a 
series of films will often fail to supply. Moreover, it will assist in find¬ 
ing the correct angle at which to take a permanent oblique record. A 
careful screening of the patient is indispensable in differentiating be¬ 
tween a tumour and an aneurysm of the aorta, while a barium swallow 
not only outlines a portion of the aorta but demonstrates any inter¬ 
ference there may be with the function of the oesophagus. 

Thoracoscopy .—The inspection of a mediastinal tumour with a tho¬ 
racoscope after a preliminary pneumothorax has been induced will occa¬ 
sionally supply valuable information. In Becker’s case (1927), for in¬ 
stance, this procedure led to the correct diagnosis of a dermoid cyst, 
after a label of bronchiectasis had been attached to the patient for two 
years. By this means the smooth, glistening wall of the tumour can 
be visualised and the nature and extent of the attachment to surround¬ 
ing organs can he assessed. Moreover, with a one-cannula operating 
instrument of the Chandler pattern the tumour can be palpated with 
the blunt-ended diathermy knob and a conclusion reached as to whether 
it is predominantly cystic or solid. It would be wise, however, to re¬ 
frain from any attempt to aspirate the contents in the presence of a 
free and uninfected pleural space. 

Bronchoscopy .—In the investigation of a solid mediastinal tumour, 
bronclioscopic examination is of limited value and is confined to dem¬ 
onstrating a narrowing of the lumen of the tube from pressure exerted. 
from outside. If the tumour is cystic and a fistula exists, more infor¬ 
mation from endoscopy may be expected. Thus, the characteristic con¬ 
tents of the cyst might be obtained for the first time by bronchoscopic 
aspiration, while the appearance of pus welling up from the tubes distal 
to the opening of the cyst should arouse suspicion of secondary bronchi¬ 
ectasis. In Case 5, reported in this communication, a portion of tissue 
removed through the bronchoscope bore a close resemblance to skin and 
did not suggest bronchial mucous membrane. This biopsy was stiongly 
in favour of a tumour of the dermoid type. 
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The Aschheim-Zondek Text .—The Aschheim-Zondek or Friedman test 
deserves promineneo in this discussion not so much for the diagnostic 
aid that it lias rendered in the past as for the help it might give in the 
future. Up to the present it has seldom been applied to mediastinal 
tumours. 

Zondek, in 1929, showed thnt men suffering from teratoma of the 
testis excretod proinn A in the urine and gave a positive Aschhoim- 
Zondck test. Work was extended along the snmo lines by Ferguson 
(1934), who found thnt in 117 consecutive cases of teratoma testis all 
gave a positive result in contrast with 100 cases of benign lesions of the 
organ in which the result was invariably negative. He concludes that 
a significant excretion of prolan A in tho urine (500 mouse units per 
litre) has never been oliserved in tho male except in teratoma testis, 
oxtrngenitnl teratoma, or chorionepithcliomn. Furthermore, if the pri¬ 
mary tumour of the testis is removed the reaction becomes negative 
within seven days of operation and the presence of metastatic deposits 
can be inferred from a return of a positive Aschheim-Zondek test any¬ 
time up to three months before symptoms or physical signs become evi¬ 
dent. By putting the test on a quantitative basis, Ferguson showed 
that of all the types of embryonal tumours of the testis the chorionepi- 
theliomu led to the greatest excretion of prolan A. 

The application of this work to mediastinal tumours will bo ap¬ 
preciated when it is recalled that many terntomata found in tho medi¬ 
astinum arc composed of undifferentiated tissue that in some instances 
has been designated chorionepitheliomatous. A positive Aschheim- 
Zondek test in a man with a normal testis, or in a femnlo if pregnancy 
can bo excluded, together with the radiological demonstration of n 
mediastinal opacity would go a long way toward disclosing the terato¬ 
matous, and probably malignnnt, nature, of the latter. Hammarakjold 
(1934) found a doubtful positive Aschheim-Zondek test in a male, aged 
22 years, who was operated upon for an intrathorncic tumour which 
was later shown to be a teratoma with malignant change, while two 
years previously Kautrowitz (1932) had reported a case of a 22-year- 
old male who was found, at autopsy, to have a teratoma of tho anterior 
mediastinum containing chorionepitheliomatous elements with a positive 
Aschheim-Zondek test in the urine and in extracts of the tumour tissuo. 
Admittedly, a necessary step in the diagnosis of a primary extragenital 
chorionepithelioma in tho malo is a careful histological examination of 
the testes, and it is doubtless true that in many cases so designated this 
examination has not been sufficiently searching. In Knntrowitz’s case 
already quoted, many thin sections of the testicles were studied before 
tho organs were pronounced free of tumour colls. Frank’s (1932) 
contention, therefore, thnt whore a circumscribed three-layered teratoma 
is found in the mediastinum, it can be definitely stated thnt the primary 
origin of the chorionepithelioma is at that site is upheld. Friedman’s 
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tatic changes. It is important that this distinction should be made if 
radical surgery is contemplated lest too rosy a hope of complete and 
lasting recovery is placed in an operation that is inevitably difficult 
and dangerous. A successful bronchogram will supply the answer. 

The kymogram gives an interesting pictorial record of pulsation but 
its usefulness will remain limited until it is possible to infer more ac¬ 
curately than at present whether such pulsation is inherent or trans¬ 
mitted. A benign tumour will often display more vigorous “notching” 
of its edge than an aneurysm of the aorta. Likewise, the tomogram 
offers relatively little information of value. 

Fluoroscopic screening of the patient is helpful. Minute detail can¬ 
not be expected of this method but the relationship of well-defined 
structures within the chest can be made out with an accuracy that a 
seines of films will often fail to supply. Moreover, it will assist in find¬ 
ing the correct angle at which to take a permanent oblique record. A 
careful screening of the patient is indispensable in differentiating be¬ 
tween a tumour and an aneurysm of the aorta, while a barium swallow 
not only outlines a portion of the aorta but demonstrates any inter¬ 
ference there may be with the function of the oesophagus. 

Thoracoscopy .—The inspection of a mediastinal tumour with a tho¬ 
racoscope after a preliminary pneumothorax has been induced will occa¬ 
sionally supply valuable information. In Becker’s case (1927), for in¬ 
stance, this procedure led to the correct diagnosis of a dermoid cyst 
after a label of bronchiectasis had been attached to the patient for two 
years. By this means the smooth, glistening wall of the tumour can 
be visualised and the nature and extent of the attachment to surround¬ 
ing organs can be assessed. Moreover, -with a one-cannula operating 
instrument of the Chandler pattern the tumour can be palpated with 
the blunt-ended diathermy knob and a conclusion reached as to whether 
it is predominantly cystic or solid. It would be wise, however, to re¬ 
frain from any attempt to aspirate the contents in the presence of a 
fine and uninfected pleural space. 

Bronchoscopy .—In the investigation of a solid mediastinal tumour, 
bronchoscopic examination is of limited value and is confined to dem¬ 
onstrating a narrowing of the lumen of the tube from pressure exerted. 
from outside. If the tumour is cystic and a fistula exists, more infor¬ 
mation from endoscopy may be expected. Thus, the characteristic con¬ 
tents of the cyst might be obtained for the first time by bronchoscopic 
aspiration, while the appearance of pus welling up from the tubes distal 
to the opening of the cyst should arouse suspicion of secondary bronchi¬ 
ectasis. In Case 5, reported in this communication, a portion of tissue 
removed through the bronchoscope bore a close resemblance to skin and 
did not suggest bronchial mucous membrane. This biopsy was stronglj 
in favour of a tumour of the dermoid type. 
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a tumour, proof resting upon post-mortem examination. In other ac¬ 
counts the clinical diagnosis of phtliisis or consumption was later found 
to have been incorrect, the symptoms being the result of the complicat¬ 
ing factor of infection. Today, when the sputum is examined for Koch’s 
bacillus almost as a routino and tho application of x-rays to diagnosis 
has become universal, sncli confusion lias only to arise to be dispolled. 

It will generally be only a matter of timo beforo the foregoing condi¬ 
tions are distinguished from the class of tumour under discussion or 
else allotted tlioir rightful, subordinate placo in the clinical picture. 
The differential diagnosis between the terato-dermoid tumour of the 
mediastinum and other types of tumour occurring in tho thorax is 
harder to reach. The more characteristic features of the terato-dermoid 
tumour have already been described and it follows that in this dif¬ 
ferentiation tho greatest difficulty will be experienced in the case of 
thoso tumours that lie towards the front of tho chest beneath the sternum. 
Tumours of the thymus gland illustrate this point. Histologically, these 
tumours form a complex group that has so far defied successful 
classification and for this reason the term thymoma is used to embrace 
all varieties. Many of theso tumours arc highly malignant and almost 
all of them are locally invasive. Among the ill-defined variations and 
transitional forms of this group is included the lymphosarcoma, which 
is fairly generally recognised, while the use made by some authors of tho 
term teratoid t;vpo of malignant thymoma (Andrus and Foot, 1937) 
emphasises tho structural similarity that may exist botwen thymoma 
and teratoma. Clinically, the comparatively short history associated 
with the symptoms and signs of malignancy selves to distinguish a 
thymoma from all but the malignant forms of the terato-dermoid class 
of tumour, although tho position in the mediastinum occupied by both 
groups is identical. Moreover, the response to deep x-ray therapy is a 
valuable aid to diagnosis, for while lymphosarcoma and mnlignant 
thymoma are both radiosensitive the teratoma remains unchanged. 
Finally, uso may be made of the observation that in some instances a 
tumour of the thymus is associated with the clinical features of 
myasthenia grams (Norris, 1936). 

Lipomata and fibrolipomata havo bean recorded in the mediastinum 
and may attain to a great size. Their presence can be inferred by means 
of an exploring needle, as a “dry top” will result even if a needle of 
wide bore is used. No firm resistance is encountered and a sensation 
similar to probing a pat of butter is experienced (Walker, 1936-37). 

Carcinoma of the bronchus, particularly tho "paramodiastinal” form 
with a sharply defined lateral edge, must be considered although in most 
cases in which,tho truo nature of this condition is in doubt confusion 
arises over other causes of pulmonary atelectasis, suppurative or chronic 
inilnmmntory changes, or other affections of the mediastinal glands. 
Rarely, however, a carcinoma of bronchus can develop in such a way as 
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to resemble closely a teratoma. An example of this has recently been 
studied at tbe London Chest Hospital. The patient, a married woman 
aged 24 years, was admitted for investigation with a provisional diag¬ 
nosis, made by a radiologist, of a dermoid cyst of the mediastinum. The 
tumour lay in front of the chest and possessed a clear-cut posterior 
edge. It had invaded the chest wall to present as a swelling in the 
region of the second left interspace. The diagnosis of carcinoma was 
finally made by exploring the presenting swelling and removing a piece 
of tissue for biopsy. Another variety of malignant tumour that deserves 
mention is that first described by Pancoast, in 1932, and called the 
superior pulmonary sulcus tumour. It lies in the thoracic inlet and is 
characterised by pain and numbness down tbe arm of the same side of 
the body as the tumour with wasting of the small muscles of the hand, 
Horner’s syndrome, erosion of the ribs and vertebral bodies, and a 
relatively small opacity on the x-ray plate at the summit of one apex. 
Pancoast originally believed that these tumours were embryonal in 
origin, but a recent study by Owen, Hewer, and Whitaker (1938) 
suggests that they are more probably apical bronchogenic carcinomata. 
In any event, their clinical manifestations are more dependent upon 
their position in the chest than on their essential pathology and there 
seems little justification for perpetuating a separate aetiology and dis¬ 
tinctive title for these growths. 

Tumours that are found almost exclusively in the posterior medias¬ 
tinum are only very rarely teratomatous in origin and, hence, the posi¬ 
tion in the chest that the tumour occupies, as revealed by a lateral x-ray 
picture, is of the utmost importance. Admittedly, Fuller and Jagger 
(1927) have recorded a dermoid cyst of the back which lay in the erector 
spinae muscle, but there was no evidence that its site of origin was 
mediastinal or even intrathoracic. In view of the fact, however, that 
tumours situated behind do occasionally advance forward they may 
cause difficulty and so enter into the differential diagnosis. They in¬ 
clude the neurofibroma, the ganglioneuroma, and the xanthoma, a 
curious, yellow-tinged, benign tumour of uncertain aetiology and great 
rarity that has been made the subject for study by Phillips (1938). 
These are often amenable to surgery. The neurofibromata and ganglio¬ 
neuromata are closely allied and have been classed together as “neurino- 
mata” (Carriere and Huriez, 1937). Histologically, those tumours 
exhibit an extreme degree of pleomorphism and examples are found 
exhibiting every gradation from well-differentiated to undifferentiated 
cells. With lack of differentiation goes malignancy and these are the 
types commonly found in children; occurring in adult life the tumour 
is more usually benign. Thus, Cooley and AfacNamara. (1940) record 
the case of a medical practitioner, aged 62 years, who died of pneumonia. 
He was known to have had a thoracic tumour for eighteen years and 
at autopsy this was proved to be a ganglioneuroma. These tumours are 
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more commonly found high in tho cheat mid in tho paravertebral gutter; 
the capsule is sometimes incomplete and they may invade tho spinal 
cord, while tho recognition of Horner’s syndrome, if this is present, is 
a valuable actiologicnl sign. 

An intrathoraeie cystic hjmpliaginma has been recorded. It usually 
arises from the posterior mediastinum and is composed of many cystic 
spaces containing a watery fluid. It can sometimes be surgicnlly re¬ 
moved (Skinnor and Ilobhs, 1936). 

There is one variety of mediastinal cyst, believed to bo congenital and 
cmhryogenic in origin, llmt in the literature seems, in many cases, to 
havo been confused with a teratoma. It is the mediastinal cyst of gastro- 
j/ent'c and bronchogenic origin. Morley Fletcher (1897) recorded the 
first exnmplo that it has liecn possible to trace, in a girl aged 6 years. He 
regnrded tho specimen as a congenital cyst arising in connection with 
tho foetal oesophagus. Mixter and Stewart (1929) and R. E. Smith 
(1930) havo contributed further examples. Histologically, the wall of 
the cyst in some specimens is indistinguishable from normal stomach, in 
others it resembles bronchus, while in a few both types of tissue are 
found. Their structure which conforms to a distinct pattern and is more 
stereotyped than the teratomatous cyat, their position in tho posterior 
mediastinum, and their clinical recognition at a relatively early ago 
form good grounds for invoking for them an aetiology different from 
that of the teratomata already described. 

Passing reference must be made to certain well-recognised causes of 
mediastinal glandular enlargement —tuberculosis, Hodgkin’s disease, 
gummatous infiltration, carcinomatous deposits, myeloid and lymphatic 
leukaemia—if such glandular masses are not to constitute a diagnostic 
error. Each of these conditions presents certain individual clinical 
fentures or else is amenable to specific laboratory and therapeutic tests 
the propor evaluation of which, combined with a radiographic demon¬ 
stration that the mass is central and not anterior in position, should en¬ 
able the correct diagnosis to be reached after only transient hesitation. 

There are two affections of the cardiovascular system that enter into 
the differential diagnosis of the tumours under consideration : anevrysm 
of the aorta and cysts of the pericardium. 

The distinction between thoracic aneurysm and tumour is not always 
easy to draw and in spite of modern methods of investigation there is 
no occasion today to disagree with Graham Steele (1911) who, in a 
Bradshaw lecture devoted to this subject, remarked, “All who have 
had much acquaintance with tho two conditions—neoplasm and 
aneurysm within the chest—will, I think, admit, the difficulty occa¬ 
sionally' experienced in distinguishing botween them, even when the 
greatest care is taken.’’ That a saccular aneurysm arising from the 
first part of the nortn and extending forwards can so closely resemble 
a dermoid cyst or benign tumour of the mediastinum as to cause per- 
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plexity is evident from the rare occasions in which an exploratory 
thoracotomy has been undertaken. In one such instance, studied at the 
London Chest Hospital in 1935, it was the absence of pulsation that 
falsely suggested the possibility of a benign tumour. Even when the 
chest was opened there was no pulsation apparent to the eyes or the 
fingers. The x-ray pictures of this case, which are similar to those of a 
dermoid cyst, have been reproduced in an article by Sparks (1937-38). 
The clinical appreciation of pulsation of an intrathoracic mass has for 
many years been taken as presumptive evidence of an aneurysmal origin. 
Now that fluoroscopy and the kymogram have proved an advance on 
palpation in the detection of pulsation, and in view of the difficulty of 
determining by such means the inherent or transmitted nature of the 
pulsation observed, some revision of the significance of this sign as a 
point in the differential diagnosis between aneurysm and neoplasm is 
needed. In fact, recent clinical and fluoroscopic studies suggest that the 
converse of what has been traditionally believed is more often true, 
namely, that it is the tumour which pulsates and the aneurysmal sac 
which may fail to do so. Thus, Burvill-Holmes (1934), discussing this 
subject, attaches little importance to pulsation and remarks that, in Ids 
experience, pulsation of an aneurysmal sac is the exception rather than 
the rule. A possible explanation is this: a saccular aneurysm may com¬ 
municate with the parent vessel through a relatively narrow ostium 
and its inner wall becomes lined by a layer of clot. Only a limited and 
sluggish circulation, therefore, is possible within the sac and this is 
insufficient to endow the sac with inherent pulsation. It follows that 
any pulsation that is apparent must be transmitted, the driving force 
being a diseased and enfeebled syphilitic aorta. A tumour, on the other 
hand, rests upon a normal, healthy vessel and has a vigorous pulsation 
imparted to it which the tumour, in its turn, transmits. Although in 
the differential diagnosis between these two conditions the presence or 
absence of pulsation must be carefully looked for and the result cor¬ 
rectly interpreted, there are other points which will help in the decision. 
These include the fluoroscopic visualisation of the aorta, if possible 
throughout its whole length; the quality of the aortic second sound and 
the presence of aortic regurgitation;-the age of the patient; and the 
serological tests for syphilis which are usually, but not invariably, 
positive in aneurysm. Such signs as tracheal tugging and a displacement 
outwards of the apex beat are open to misinterpretation and the pos¬ 
sibility of syphilis and a dermoid cyst occurring together in the same 
patient should not be overlooked (Gallavardin and Bocca, 1921). 

Of the pericardial cysts, the one most likely to cause confusion with 
the terato-dermoid tumour is the so-called inflammatory pericardial 
diverticulum which has been comprehensively studied by Kienbock 
(1927) and Kienbock and Weiss (1929). These cysts are believed to be 
encapsulated, saccular collections of fluid resulting from a previous 
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pericarditis. They arc seen, radiologieally, ns oval, multinngulnr, often 
pulsating, masses more often jutting out from the right heart border than 
the left. In the successful recognition of these diverticula Kienbock 
stresses tlio importance of remembering their existence, their station¬ 
ary sine over a long observation period, the detection of cardiac dilata¬ 
tion, mid tho normal nppenrnncc of the aorta. 

There remains to be enumerated a number of other conditions that 
may be confused with ternto-dermoid tumours of the mediastinum: 

Solitary cyst of tlic lung or bronchus may temporarily givo rise to 
doubt, especially if the cyst is filled with fluid and lies anteriorly be¬ 
neath the sternum. This tyqie of cyst, of which the "paratracheal” cyst 
is a varioty and which probably bears a developmental affinity to those 
of bronchogenic origin already discussed, and the dermoid tumor 
luidor consideration have both, at times, to be differentiated from an 
encysted interlobar empyema. 

Hydatid cyst of the medinstinura, although rare in tliis country, enters 
into the differential diagnosis in districts where eehinococenl infection 
is rife. The expectoration of the characteristic sputum containing 
booklets clinches tho diagnosis while the complement fixation test and 
Casoni reaction supply useful evidence. 

Retrosternal goitre, particularly if unaccompanied by thyrotoxic 
symptoms or signs, may so resemble a mediastinal tumour as to remain 
undetected until operation. Tho characteristic wedge-shaped opacity 
on the x-ray plate is not always recognisable, and the elevation on 
swallowing is uot always detected nor is it pathognomonic of sub- 
sternal goitre. The demonstration of calcium hi the mass on the x-ray 
film, when it occurs, is an added causo of confusion. 

Achalasia of tho cardia with a meganesophagus can also simulate a 
modiostinal mass until a barium swallow clears up the diagnosis (Chand¬ 
ler, 1939). Spinal caries with a cold abscess tracking forwards is an¬ 
other condition that must bo borne in mind, for Fanano (1937) in his 
account of a case of a mediastinal dermoid cyst mentions how such a cold 
abscess had presented similar signs. Careful radiography in the lateral 
plane and the exploring needle should dispel all doubt. 

COMPLICATIONS AND TREATMENT 

The only' form of treatment that will prove of any lasting avail 
for a teratoma of tho mediastinum is surgical intervention. All measures 
of a medical character must be viewed as puroly palliative; deep x-ray 
therapy and radium, which would not bo expected to influence the course 
of a benign dormoid cyst, has been found disappointing even when 
appliod to a malignant teratoma. Thus, Bevan (1933) inserted radium 
needles before advising surgery hi an infected denuoid cyst without any 
effect upon the size of the tumour or the quantity of discharge, while 
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Hammarskjold (1934) failed with deep x-rays in a teratoma that was 
subsequently shown to contain chorionepitheliomatous elements. Re¬ 
peated aspiration of the contents of an infected dermoid cyst that is 
adherent to the chest wall will temporarily relieve such distressing 
symptoms as cough, dyspnoea, and profuse expectoration but ameliora¬ 
tion will be short-lived. 

The surgical approach to an intrathoracic tumour should never be 
lightheartedly recommended despite .the comparative safety with which 
an exploratory thoracotomy can now be undertaken, for any attempt 
to remove the tumour entails a potential risk to the life of the patient. 
For this reason it is necessary, before embarking upon a discussion of 
the possible methods of operative treatment and their results, to form 
some idea of the ultimate fate of such a tumour if it is left alone and to 
call to mind certain complications and accidents to which these tumours 
are singularly liable and which, if allowed to occur and progress, so 
hamper the surgeon as to render his task many times more difficult than 
it need be if not actually impossible of execution. This applies par¬ 
ticularly to those tumours which in the future may be first recognised by 
routine radiography at a stage when symptoms are absent. '• 

There are a few instances in which the tumour has been discovered 
accidentally either in the course of a routine autopsy performed for an 
independent disease or during an anatomical dissection, and out of the 
records of 209 cases that have been consulted there were nine, or 4.3 per 
cent, in which it was clear that the tumour did not contribute in any 
way to the cause of death. In eight of these it was a teratoma of the 
dermoid type and in only one was it a more complex teratoma with 
multiple cystic spaces. The cause of death and the age of the patients 
in these cases were as follows: pneumonia, 61 years (Foa, 1874); 
bulbar paralysis, 53 years (Pinders’ second case, 1887 ); tuberculous 
meningitis, 30 years (Marfan, 1891); pulmonary tuberculosis, 30 years 
(Kretz, 1893); phthisis, 37 years (Sommers, 1901); discovered during 
dissection (Ferra and Sice, 1910); gunshot wound in battle, 25 years 
(Hornicke, 1922); pulmonary embolism following laparotomy, 65 years 
(Gordon’s second case, 1930), and carcinoma of the stomach, 61 years 
(De Stella and Beereus, 1935). The average age in this list is notice¬ 
ably higher than is usual in this disease and if it is assumed that the 
younger patients would have continued symptom-free in the absence 
of intercurrent disease or violence, an event which is unlikely, it would 
seem that only 4.3 per cent of terato-dermoid tumours fail to produce 
symptoms at some stage in the course of their career. 

Second, a study has been made of the histories of those patients with 
a terato-dermoid tumour who died of this disease and who were sub¬ 
mitted to no form of active treatment other then exploratory puncture. 
There were forty-seven such examples. In forty of these patients the 
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duration o£ symptoms referable to the tumour is given with some exacti¬ 
tude wliile in the remainder tlio author hns beon content to employ such 
phrases as “sudden noute illness,’’ “acute pneumonia,’’ "long illness,” 
“sudden death,” “a few weeks,” etc., in liis description of the course of 
tho disease. In the forty cases in which the facts are either given or can 
bo worked out, including both the benign and malignant forms, the 
length of history was found to vary from fourteen years to two weeks 
und tho average length of time elapsing between the first unequivocal 
symptom of the disease and the death of the patient proved to bo 1.8 
yoars. When account is taken of the diversity of course that the disease 
runs it is clear that this figure of 1.8 years as the averago span of life 
of the recognised but untreated tumour has obvious limitations from 
tho practical viewpoint. Yot it serves to emphasise the need for treat¬ 
ment more especially when it i3 recalled that it is in the late teens, 
twenties, and early thirties that the first symptom comes to light in most 
eases. 

Those complications and episodes that are liublo to develop and that 
require surgical intervention to relieve or to prevent them can bo con¬ 
veniently grouped under five headings: 

1. A progressive increase in size: An increase in size commonly oc¬ 
curs, as has beon stated, in the third and fourth decades and leads to 
purely' pressure symptoms. If surgical treatment is contemplated it 
should be applied early because the attendant risks increase more in a 
geometrical than an arithmetical progression with an increase in the 
size of tho tumour. Allow the tumour to double itself in size and the 
difficulty and danger of its complete extirpation arc increased almost 
fourfold. Growth as a rule is not rapid and any tendency for it to 
occur can he recognised early hy serial x-ray pictures. 

2. The spontaneous development of a cyst-bronchial communication: 
The development of such a fistula can occur instantaueously' and lead 
to sudden death following haemoptysis or to a quick decease conse¬ 
quent upon infection of the cyst contents or secondary pulmonary 
suppuration. More often the disease assumes that slow, progressive, 
downhill course associated with chronic intrathoracic suppuration 
and with an accompanying deterioration in the general health and 
resisting powers of the patient that the thoracic surgeon has learned 
to dread. A parallel is seen in the difference in the mortality figures of 
a lobectomy performed upon a “clean” case of bronchiectasis and a 
similar operation undertaken after montlis of infection have laid their 
stamp upon the patient (Itomanis and Sellors, 1936). If success is to be 
achieved the surgeon should be allowed to forestall infection and not be 
asked to cure it. 

3. Rupture into adjoining structures: Tho bronchus is the com¬ 
monest structure so implicated and by virtue of its importance has 
been discussed separately (vide supra). Other Instances of ruptures 



212 


THE JOURNAL OP THORACIC SURGERY 


have been recorded, such as those into the aorta (Buchner, 1853), 
pericardium (Cordes, 1859), superior vena cava (Stein, 1917), and 
pleural cavity (Wheeler, 1939). With the exception of the last named, 
surgical relief either will be sought with but a slender chance of success 
or will come too late. 

4. The development of adhesion binding the tumour to related stmic- 
tures: Development of adhesion is, to some extent, dependent upon in¬ 
fection but may occur in the absence of any obvious infection of the con¬ 
tents of a dermoid cyst. In this latter group the mechanism of the 
production of such adhesions has given rise to speculation. They may 
possibly be the direct result of previous independent respiratory' ill¬ 
nesses such as pneumonia and influenza, or it may be that the situation 
of the tumour upon a constantly beating heart gives rise to adhesions; 
due to a continuous minor trauma associated with this pulsation. At 
all events it is evident that the longer a tumour is allowed to remain 
within the chest the greater mil be the opportunity for such adhesions 
to develop to the embarrassment of the surgeon once the decision to 
operate has been reached. 

5. The change to malignancy: When once the conversion from 
benignity to malignancy has taken place there is very little chance of 
ultimate recovery. No case can be traced in the literature in which 
a radical operation in such circumstances has proved permanently suc¬ 
cessful. Of the 209 reported cases in the literature that have been con¬ 
sulted for details, twenty-seven were malignant and this does not in¬ 
clude Lanza’s (1937) unique example of a secondary deposit from a 
primary laryngeal growth found in a simple dermoid cyst. This puts 
the incidence of malignancy at 12.9 per cent which agrees well with 
Jacobs’ (1929) estimate of 10 per cent. Malignant transformation in a 
previously benign tumour can occur at any time and the change may 
be unaccompanied by any collateral phenomenon such as a sudden in¬ 
crease in the size of the tumour (Hammarskjold, 1934), the first intima¬ 
tion that it has taken place being the appearance of metastases in the 
lungs or elsewhere, thereby precluding the possibility of curative treat¬ 
ment. 

It is perhaps permissible, in the event of a symptomless tumour being 
discovered accidentally by radiography, to withhold radical treatment 
if any other physical disability or an unfavourable mental reaction 
contraindicates it, provided that serial x-ray pictures demonstrate no 
tendency on the part of the tumour to grow. In all other eases, bearing 
in mind' the limitations of medical treatment and having regard to the 
complications already enumerated, which may quite suddenly and with¬ 
out warning drastically alter the clinical picture, a surgical attempt to 
obtain a cure should be seriously contemplated and, in most instances, 

advised. .. . 
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As a background for modem procedures it would not be unprofitable 
shortly to trace, historically, the development of surgery in this field 
and to, sketch the evolution of a technique which is still developing. 

Many of the earlier operations wero undertaken in the absence of an 
accurate diagnosis. Poehn (1871) was the first to apply surgical prin¬ 
ciples when he introduced a trocar and cannula into a dermoid cyst for 
the evacuation of pus. The result is not stated. Kuckmann, in 1874, 
by a similar procedure reduced the size of the sac and achieved an im¬ 
provement by closing a bronchial fistula. Butlin (1883) in Holmes and 
Hulke’s System of Surgery contributes tho first record in English of a 
drainage operation on a mediastinal dermoid cyst, hut the earliest com¬ 
plete and detailed account in tho English language is an article by flod- 
lee in 18S9. Ho operated upon a young woman for a supposed 
“ompyema” and the true nature of her illness was not disclosed until 
a rib had been resected and the cavity explored with the finger. Numer¬ 
ous operations were performed upon this patient with the object of re¬ 
moving tho papillomatous processes that lay within the oyst and re¬ 
ducing tho size of the cavity but, os Morris (1905) relates from a per¬ 
sonal communication he received later from Godlee, the woman died 
of “pyaemia” four years after tho first operation. Bastiauelli (1893) 
lays claim to being the first surgeon completely to remove, in one stage, 
a dermoid cyst of the mediastinum. The operation was curative. Von 
Eiselsberg, operating on tho patient in Turk’s case (1903), achieved a 
similar success and in the same year Madelung (1903) cured his patient 
by radical surgery after rib resection and drainage had left a fistula. 
Prom then on, many attempts wero made either to remove a tumour 
completely or, failing that, to romovo it partially and marsupinliso the 
remainder to the chest wall. A varying degree of success attended 
theso exploits, some of which were performed in multiple stages and re¬ 
quired supplementary thoracoplastic operations for their completion. 

There can be hardly a doubt that from 1918, the practical experience 
gained during tho years of the World War of 1914 to 1918, was put to 
good use. Thoracic surgery, as a separate branch, was bom and the 
surgeon learned, after mastering the problem of the open pneumothorax 
with the assistance of an overpressure anaesthesia, that technical accom¬ 
plishments, undreamed of hitherto, had only to be practised to be made 
effective. In theso postwar years more than half the literature of the 
subject has been built up and in place of partial success or improvement 
can now be read accounts of radical cures. American workers have 
been most prolific in output, but this country has not lagged behind 
in originality for it was in 1914 that Morriston Davies effected almost 
a complete cure from a many stage attempt to deal with a teratoma, 
while Tudor Edwards, in 1926, reported three examples of the success 
that can follow radical surgery. A review of the literature, with par¬ 
ticular reference to the results of surgery, has been undertaken on a 
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few occasions in the past, notably by Aurousseau (1924) and Howard 
Beye (1926). 

Prom a study of the medical literature bearing on this subject there 
exists a choice of three possible procedures, leaving on one side aspira¬ 
tion of the contents of a cyst, a manoeuvre as deftly performed by the 
physician as by the surgeon and having only a palliative effect. The 
results of treatment along these three lines of approach in the hands of 
previous workers will now be considered. 

1. Rib resection and drainage: It is apparent, from a study more 
especially of the earlier writings, that rib resection has been used either, 
mistakenly, in the treatment of an empyema or else as a last resort to 
lend aid to a patient in extremis. The results are bad. As the only 
method of treatment it has been employed on thirty-one occasions, of 
which thirteen patients were improved, fourteen died, and in four the 
result was not stated. Sometimes it has been used as a preliminary 
measure to more effective surgery later and, in this connexion, it serves 
not only a useful but a necessary purpose if the case demands it. Apart 
from this solitary indication, however, it has little to recommend it. 

2. Partial removal and marsupialisation: It sometimes happens, when 
adhesion between the tumour and other organs is unusually firm, that 
partial removal is the only course open to the surgeon and is the make¬ 
shift result of an exploratory thoracotomy designed to remove the entire 
tumour. In fact, the operator should be prepared to accept this as a 
possible outcome of every exploratory thoracotomy in this disease, and 
should reason that it is wiser partially to remove and marsupialise a 
tumour successfully than to run an overwhelming risk of a major sur¬ 
gical disaster. Moreover, if the nature of the tumour and limited 
adhesions permit a radical operation but the condition of the patient 
causes anxiety, partial removal and marsupialisation do not preclude 
the possibility of a second attempt at a later date; thus, such an opera¬ 
tion has often proved but the first step towards a multiple-stage com¬ 
plete removal of the tumour. When this operation is employed alone 
the results are slightly more gratifying than rib resection and drain¬ 
age partly, no doubt, because the condition of the patient has allowed 
this more serious interference. Of fifteen patients so treated in the 
past, nine were regarded as improved, four died, while in one the result 
was not stated, and in one it was described as unsatisfactory. A large 
preportion of the tumour can be removed in this way and the dangers 
of increasing girth and subsequent infection largely banished from 
the' future clinical picture. Yet the operation cannot be classed as 
radical in view of the theoretical possibility of malignancy supervening 
in that portion of the tumour that is left. There is, also, every likeli¬ 
hood of a persistent sinus permanently discharging secretion, although 
the fact that such a sinus can be made to heal has been demonstrated 

in Case 3. 
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3. Complete excision of the tumour in one or more stages: Complete 
excision is the ideal to bo aimed nt when surgical intervention has been 
decided upon, and in tho hands of experienced men has given very satis¬ 
factory results. It has been attempted on sixty occasions; in fifty-three 
of these the tumour was removed and the patient cured, in four improve¬ 
ment resulted but a persistent fistula excluded admission into the former 
group, and three died. The group “cured” includes those patients in 
whom a smnll tag of tumour had to ho left attached to an important 
organ provided the wound was firmly healed, no fistula had resulted, 
and no symptoms were complained of. Thus, Garre (1918), operating 
upon Naegcli’s patient, left behind a smnll portion of the cyst wall 
that was attached to the left auricle and iloir (1936) hnd to sacri¬ 
fice a aimilnr portion tightly hound to tho pericardium. Likewise, the 
pedicle that is occasionally encountered running from the sternum or 
mediastinum to tho cyst often has to bo ligatured, divided, and the 
proximal end disregarded. Tho risk of malignancy supervening in 
this minute fraction retained by the host can be considered infinitesimal. 

Tho impressive figure of fifty-three patients cured out of sixty opera¬ 
tions performed must he viewed in its right perspective and cannot 
legitimately be placed on a percentage basis. It is natural that the 
surgeon should regard a successful operation of this sort ns a technical 
triumph worthy of publication and it may well be that many of the 
failures were never recorded because it was believed they lacked 
originality and value. Even with this reservation, however, the pub¬ 
lished experience of thoracic surgeons in all qunrtcrs of the globe in this 
disease has conclusively demonstrated the superior value of complete 
extirpation over all other procedures and, ns this experience widened, 
engendering n correspondingly wider margin of operativo safoty, the 
bolief that surgery should bo preventive rather than curative in 
design swiftly gained ground. Thus, in 1924, Auronsseau wrote: “Lc 
traitement est esscnticllemcnt tin traitement chirurgical scs indications 
sont formellcs et it n’cxiste pas de contre indication.” Harrington’s 
opinion was expressed in 1937 in these unminced words: “The only 
treatment that is effective for anterior mediastinal tumours is their 
complete surgical removal and this should be accomplished ns soon as 
the diagnosis can be established, regardless of the severity of the 
symptoms.” With such authoritative statements os these in mind and 
in the light of the published records, there will he little dispute as to 
what is the fundamental aim of surgery in this disease. There are, 
however, certain practical details, due observance of which are im¬ 
portant if the patients’ chances arc to be accurately assessed and success 
is to be attained. 

In the first place it is clear that the position of the tumour, ns well 
as its sire, must bo taken into account when the prospects of surgery 
are being reviewed. Thoy can be conveniently divided into the three 



218 


THE JOURNAL OF THORACIC SURGERY 


centage of oxygen in the air breathed, to counteract immediate and 
delayed shock by blood transfusion, to remove the effusion, sterile or 
infected, that collects in the pleural or dead space, and, lastly, to pro¬ 
mote reinflation of lung and maximum respiratory function. They 
form the closing chapter and illustrate, -with what has gone before, how 
the scientific and technical advances of recent years have simplified the 
diagnosis of this disease and placed the successful management of it in 
the hands of the thoracic team. 


SUMMARY 

1. A review is presented of dermoid cysts and teratomata of the 
mediastinum based upon a study of the world’s literature and six 
examples that have been recorded for the first time in this communica¬ 
tion. 

2. After an historical introduction and an account of the six original 
cases, the clinical features, special investigations used in establishing 
the diagnosis, the differential diagnosis, complications, and treatment 
of this class of tumour are considered. The results of treatment are 
discussed. 

3. In an appendix is given a list of references containing case re : 
ports from the first recorded example in 1827 until the end of 1939, 
during which period it has been computed that there are 245 cases on 
record. This figure does not include those described here. 
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CLOSED INTRAPLEURAL PNEUMONOLYSIS 

Joseph Goorwitch, JUD. 

San Fernando, Calif. 

INTRODUCTORY STATEMENT 

T HIS study deals primarily with the operative and postoperative 
complications and mechanical results of pneumonolysis and with 
early postoperative results of pneumothorax. It is hosed on my own 
experience as well ns on data obtoinod from a series collected from the 
literature, which together with my series totals more than 7,929 opera¬ 
tive stages on 7,157 tuberculous patients. In the course of this study 
the available American and English literature on closed intrapleural 
pneumonolysis published since Moore’s” report of a collected series of 
2,043 cases in 1934 was reviewed and essential data incorporated into 
Tables X, XI, and XII. 

I agree with those who regard thoracoscopy and pneumonolysis as 
an integral part of a program of collapse by pneumothorax. It is my 
opinion that, as will be explained, only the technical results of the 
operation and complications attributable to it may be regarded as true 
results of the operation. The so-called clinical results embracing cavity 
and sputum status are, strictly speaking, the result of postoperative 
collapse by pneumothorax and not of pneumonolysis. Therefore, it is 
believed to be not premature to report the technical results, postopera¬ 
tive complications, aud clinical course in my series, despite the fact 
that only six months have elapsed from the date of the last operation. 

In Moore's collected series no mention of the preoperative duration 
of pneumothorax aud of the extent of the pulmonary disease was 


Table I 

Pkeopebative Btatus 
48 Patients 


^ pi 

20 

28 


14 to 45 

20 

p... (Caucasian 

{Noncaucaslan 

23 

25 

Pneumothorax 

44 

4 

Duration of pneunio- (Range 
thorax (montlia) \Average 

1 to 38 

8 

Extent pulmonary (Moderately advanced 
tuberculosis -1 

11 (23%) 

(N. T. A.) [Fur advanced 

37 (77%) 


From the Olive View Sanatorium, Olive View, Calif. 
Received for publication March 3, 1944. 
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Table n 

Homolateral Lunq 
(50 Lungs) 



Bight 

Left 


Infiltration 


Exudative 

Fibrotic 

Mixed 

None 


X-ray evidence (Demonstrated 
of cavitation )Not demonstrated 


Size of pulmonary 
cavities (cm.) 


•Range 
Average 
3 cm. or less 
.Over 3 cm. 


Number of cavities (Range 
per lung (Average 

Known age of (Range 
cavities (months) ) Average 


Pleural effusion 
(excluding those 
occupying bottom of 
costophrenic angle 



(Small 
) Moderate 


Obliterative pleuritis (Present 
(positive intrapleural 4 
pressures) _[Absent 


25 

25 

36 (72%) 
1 

12 (28%) 
1 

39 (78%) 

11 ( 22 %) 

1 to 7 

2 % 

29 (74%) 
10 (26%) 

1 to 5 

1 % 

2 to 20 plus 
6(4 plus 

3 ( 12 %) 
44 (88%) 
3 (6%) 
47 (94%) 



-Entirely clear 
Contra- Infiltration only 
lateral -{ (small or moderate) 
lung Patent cavitation 

(Cavitation controlled by pneumothorax 


Demonstrated 


Tubercle 
bacilli 
in sputum 
or gastric 
wasliings 


Bronclio- 

scopic 

findings 

(main and 

lobar 

bronchi) 


{ Concentration 
Culture only 


Not demonstrated (Concentration only 
(but previously 1 
demonstrable) (Culture 

Never demonstrated (Mantoux positive) 


Erythema 

Ulceration 

Stenosis 

Negative 


Total bronchoscoped 


Tempera- (Eebrile (subacute serous effusion) 
ture (Afebrile 


6 (13%) 
29 (60%) 

11 (23%) 
2 ( 4%) 


2 g| 36 (75%) 


6( 12 (25%) 


4 ( 14%) 
0 
0 

24 ( 86%) 
28 (100%) 


Homolateral phrenic paralysis 
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made.” In my collected series the preoperative duration of pneumo¬ 
thorax was found reported for about two-fifths of the pntients and it 
ranged from one to fifteen mouths; the extent of pulmonary disease 
was found reported for ouly about one-fifth of the pntients and its inci¬ 
dence was ns follows: minimal 6 per cent, modorately advnncod 33 per 
cent, far advanced Cl per cent. 

No data regarding tho spntnm status and tho incidence of contralateral 
or oxtrnpnrcnchymnl source of positive sputum were presented with 
Moore’s collected scries.” In my collected scries the sputum status was 
found reported for about onc-hnlf of tho pntients and was as follows: 
positive 83.5 per cent, negative 16 per cent, unknown 0.5 per cent. The 
incidence of contralateral or extmpnrenchyinnl sourco of positive sputum 
wns found reported for about one-eighth of the patients in my collected 
series and it ranged from 13 to 83 per cent. 

THORACOSCOPY AND PNEUMONOLYH1K 

This stndy includes all pneumonolyses, consecutive and unselected, 
done by me at the Olivo View Sanatorium between September, 1941, and 
October, 1942. They totaled 65 operations on 60 lungs of 48 patients; 
upon 5 patients tho operation wns done in two stages. In addition, there 
were 4 thoracoscopies without pnoumonolysis done and these were in¬ 
cluded in a study already reported.” 

In 1934, Moore” published liis study of a series consisting of 2,043 
cases collected from tho literature of 1924 to 1932, inclusive; tho number 
of operative stages was not stated. My collected series consists of 5,114 
patients subjected to moro than 5,886 operative stages done between the 
years of 1927 and 1942, and reported in the literature of 1933 to 1943, 
inclusive; in this series tho year of operation wns indicated for about 
two-thirds and the numbor of oporativo stages for about four-fifths of 
the total number of pationts. 

As a rule I found more adhesions thoracoscopically than expected from 
the study of the roentgenograms, including stereoscopic films, supporting 
earlier contentions that thoracoscopy and not roentgenography is the 
only accurate method of determining the exact number, character, and 
feasibility of freeing adhesions.” Tn the great majority of cases the 
visceral attachment of adhesions freed was on the upper lobe and the 
parietal attachment on tho upper posterior chest wall. 

In Moore’s collected series galvanocautery was omployed by 83 per 
cent, electrosurgery by 7 per cent, and the combination of the two 
methods by 10 per cent of those reporting.” The type of current used 
in my collected series was indicated for about three-fourths of the pa¬ 
tients: galvanocautery 41 per cent, electrosurgery 26 per cent, combi¬ 
nation of the two methods 3 per cent, and a succession of different 
methods 30 per cent. The following synonymous terms were encoun¬ 
tered in the literature reviewed in connection with the description of 
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type of current employed in pneumonolysis: for galvanocautery: 
cautery, actual cautery, electrocautery; for electrosurgery: high fre¬ 
quency current, endothermy, surgical diathermy. The two-cannula 
technique and galvanocautery were employed in my series. 

The patients were kept in the surgical wards for a period varying 
from one to several weeks after I had operated upon them. They were 
fluoroscoped on the first postoperative day and as indicated thereafter. 
About one-half of the patients were under my own care while in the 
surgical wards; upon return to the medical wards these patients came 
under the care of the medical ward physicians. 

Table IV 



'Range 

20 to 110 min. 

Duration of 

Average 

60 min. 

operation 

j 30 min. or less 

10 operations (18%) 

(min.) 

60 min. or less 
lOver 60 min. 

36 operations (65%) 

19 operations (35%) 


No mention of the duration of the operations was made in Moore’s 
collected series , 33 in my collected series this Avas found reported for 
about one-fifth of the operations and it ranged from a feAV to ninety 
minutes Avith a maximum aimrage of sixty-five minutes. 

Table V 


Type of adhesion J 
operated upon j 

' Strings 

Cords 

TOands 

17 

57 

92 

( 10%) 

( 34%) 

( 56%) 


Total 

166 

(100%) 

Number of adhe- 

J Range 
(Average 


1 to 9 

3 

hesions operated on 
(per patient) 



In anticipation of a correlation between the type of operation and 
complications and results, I classified all operations as folloAvs: com¬ 
plete pneumonolysis is one inA r ohdng complete freeing of all adhesions 
attached to the diseased pulmonary lobe; incomplete is one involving 


Table VI 


Type of 
operation 

("Complete 
-j Incomplete 
(Partial 

30 (55%) 

8 (15%) 

17 (30%) 



Table TO 




Postoperative Institutional Follow-up 
(as of April 1, 1943) 



Discharged from Olive View Sanatorium 

Still at Olive View Sanatorium 

Died at Olive View Sanatorium 

15 (31%) 

33 (69%) 

0 
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complete freeing of only Rome of the ndlicsionB attnehed to the diseased 
lobe; and finally, partial pneumonolysis iR ono involving partial freeing 
of all or Romo of the adhesions to the diseased lobe. 

The postoperative stay at the Sanatorium ranged from ono week to 
eighteen months nnd averaged eight and one-half months. This is 
shown in greater detail in Table VIII. 

TAm-s VIII 


LEN0T11 or STAY AT BANATOIUVM 

NO. or LUNGS 

TEH CENT 

Lpm than 1 mo. 

1 

2 

Lean than 8 mo. 

5 

10 

than 0 mo. 

31 

22 

Ivonn than 30 mo. 

29 

58 

More tlmn 10 mo. 

21 

42 

Total 

50 

100 


In 5 of the pntients still at the Sanatorium, pneumothorax had been 
supplemented by phrenic nerve interruption, nnd in 9 patients it was 
abandoned as ineffective three weeks to eleven months postoperativoly 
(average of four months) nnd a thoracoplasty substituted or planned 
on. Disease in the contralateral long was treated ns indicated. At the 
time of this communication, only one patient is clinically worse than 
she was at the time of operation which was complete and free of com¬ 
plications, but due to ulcerative nnd stenotic tuberculous bronchitis 
the pulmonary cavity is still patent, the sputum positive, nnd she is 
febrile. Since the operation 6 patients were bronchoscoped for the first 
time and 6 others were rebronchoscoped; 2 of the former and 1 of the 
latter were found to have bronchial ulceration. 

In Moore’s collected Reries the duration of the postoperative period 
of observation was not specified except for the statement that only 
immediate results were given and that Unvorricht was the only one 
to report resultR following re-expansion.” In my collected series the 
length of the postoperative period of observation was found reported 
only for about one-half of the patients nnd it ranged from one to sixty 
months; Jones was the only one to report results following re-expansion 
in part of his series.” 

POSTOPERATIVE COMPLICATIONS 

For the sake of completeness all complications, including fever and 
smnll offusions, which occurred during the entire postoperative stay at 
the Sanatorium regardless of whether attributable to the operation or 
to coexisting tuberculosis and pneumothorax were included (Table IX). 
Only complications which were not present preoperatively were in¬ 
cluded in my own series; wherever sufficient data were available the 
same was done in my collected series. 
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type of current employed in pneumonolysis: for galvanocautery: 
cautery, actual cautery, electrocautery; for electrosurgery: high fre¬ 
quency current, endothermy, surgical diathermy. The two-cannula 
technique and galvanocautery were employed in my series. 

The patients were kept in the surgical wards for a period varying 
from one to several weeks after I had operated upon them. They were 
fluoroscoped on the first postoperative day and as indicated thereafter. 
About one-half of the patients were under my own care while in the 
surgical wards; upon return to the medical wards these patients.came 
under the care of the medical ward physicians. 

Table IV 


Duration of 

operation 

(min.) 


-Kange 
Average 
30 min. or less 
60 min. or less 
-Over 60 min. 


20 to 110 min. 

60 min. 

10 operations (18%) 
36 operations (65%) 
19 operations (35%) 


No mention of the duration of the operations was made in Moore’s 
collected series, 33 in my collected series this was found reported for 
about one-fifth of the operations and it ranged from a few to ninety 
minutes with a maximum average of sixty-five minutes. 

Table V 


Type of adhesion J 
operated upon j 

'Strings 

Cords 

•.Bands 

17 

57 

92 

( 10%) 

( 34%) 

( 56%) 


Total 

166 

(100%) 

Number of adlie- 

J Range 

1 Average 


1 to 9 

3 

hesions operated on 
(per patient) 



In anticipation of a correlation between the type of operation and 
complications and results, I classified all operations as follows: com¬ 
plete pneumonolysis is one involving complete freeing of all adhesions 
attached to the diseased pulmonary lobe; incomplete is one involving 

Table VI 


f£2S&. 

operation ] part J 

30 (55%) 

8 (15%) 

17 (30%) 

Table VTI 


Postoperative Institutional Follow-up 
(as of April 1, 1943) 


Discharged from Olive View Sanatorium 

Still at Olive View Sanatorium 

Died at Olive View Sanatorium 

15 (31%) 

33 (69%) 

0 
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TadLE X 

Incidence OF CouruoATioNS Attmuutabij: to Pnedhonolysis 
Mora Thou 7,029 Opomtlvo Stages on 7,157 Pntients From 1924 to 1043 Inclusive 


INCIDENCE (IN TERTIS OF DIR CENT) 



laasssEES 11 mi 

OOOE- 

WITCU- 

DATA AS TO INOI- 




goortotch, 

PENCE IN OOOR- 


MOORE, 102-i’ 
1932 (2,013 



WITCH COLLECTED 

COMPLICATIONS 

(5,114 pa- 




PATIENTS) 

TJENT8)* 

1941- 

1942 









RANGE 

AVER¬ 

AGE 

RANGE 


(48 PA¬ 
TIENTS) 


Entirely nbsent 

Present 

f 

? 

f 

27-89 

11-73 

5 

89 

11 

y, of operation! 

Prolonged fever 
tntrapleurn.1 hemorrhage 

f 

? 

0*13 

7 

B.O 

y* of operations 

y, of operations 


0*100* 

0.85* 

0-12 

3.30 

0 , 

large or serious 

0-100* 

0.80* 

0-13 

1.70 

1.8 1 

^ of operations 

Severe surgical emphy- 

1 

T 

0-20 

2.00 

1.8 

% of operations 

senna 






% of operations 

Spontaneous pnoumo- 

1 

f 

0-12 

2.30 

0 

thorax 






y of operations 

Bronchopleural fistula 
Boron* pleural effusion 

f 

; ? 

1 

0- 8 

2.50 

0 

Small 

0- 93a 

23.50* 

0-55 | 

10 

fx4 

of operations 

Largo 

0- 33* 

8.80* 

0-27 

9.50 

3.0 

y of operations 

Empyema 

Pare tuberculous 

0* 8 

2.20 

0*24* 

3 

0 

% of operations 

Pyogenio 

Mixed tuberculous 

1 

0- 23 

1 

1.80 

0- 6 

0* 5 

0.24 

1 

0 

0 

y> of operations 
U of operations 

Obliterative pleuritii 

1 

1 

0-11 

7 

0 

of patients 

Loss of pneumothorax 

0- 4 

0.29 

0-10 

3 

0 

y of patients 

Air embolism 

0- 0.04 

0,04 

0 * 1.1 

0.00 

0 

of operations 

Pleurocutaneous fistula 

0- 8 

0.14 

0- 2 

0.35 

0 

U of operations 

Secondary perforation 

0- 4 

0.39 

0- 1.3 

0.70 

0 

y*of operations 

Extension of pulmonary 

t 

f 

0- G 

1.30 

0 

% of operations 

tuberculosis 






Norm injury 

Shock 

t 

f 

0.04 

0.04 

0 

0- 2 

0 

0.15 

0 

0 

Very rarely 

Death 

0-100* 

1.08* 

0 - 0 

1.18 

0 

%o patients 


J In eluding- Qoorwitch's own »erlea. 


•Reported only for 1,883 case*. 

■Reported only for 1,807 case*. 

•Reported only for 1,875 case*. 

•Turner reported an Incidence of H per cent by Including all tho*e cloudy and 
purulent any time poitoperatlvely ;* 0 to 10 per cent La the more correct range. 
•Reported only for 1,860 caeca 


Fever .—Unless high and prolonged or accompanied by other signifi¬ 
cant complications, fever is not a complication in the strict sense of 
the word, but is considered here, as in previous studies,’ 0 ' 11 only for 
the sake of completeness. Temperature of 100° F. and over ivas again 
arbitrarily chosen to designate fever of some clinical significance in 
intrapleural surgical intervention. 

Accordingly, in my own series fever was present following 24, or 44 
per cent, operations; its onset was on the day of operation or on the 
first postoperative day and it lasted continuously from one day to 
three weeks and an average of four days. In 75 per cent of these 
patients the duration of fever was three days or less, in 92 per cent 
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one week or less, and in the remaining 8 per cent over 1 week (maxi¬ 
mum of three weeks). Maximum* fever ranged from 100 to 102° F. 
and averaged 100.4° F. Following 15 operations, maximum fever was 
100, following 7 operations 101, and following 2 operations 102° F. 
Thus, fever was not a serious complication, as among those febrile it 
did not exceed 100° F. in 36 per cent, was the only complication in 75 
per cent, and lasted one week or less in 92 per cent. 

In his collected series, Moore 33 did not mention fever among the 
postoperative complications. In my collected series the incidence of 
prolonged fever in one-fourth of the operations for which it was re¬ 
ported was 7 per cent. In my own series the incidence of prolonged 
fever (exceeding 100° F. and lasting over one week) was 3.6 per cent. 

Intrapleural Hemorrhage .—I assume that loss of up to two ounces 
of blood, either from trocar wounds or cauterized adhesions, should 
not be regarded as a hemorrhage. 21 No criteria of what constitutes 
a small hemorrhage were found in the literature reviewed. If tran¬ 
sient, small intrapleural hemorrhage is of no clinical significance. 
Large intrapleural hemorrhage is a fairly rare but, depending on its 
source, a most dangerous complication. In my single case of this com¬ 
plication the approach to the adhesions in the extreme apex was ex¬ 
ceptionally difficult and more than two trocar punctures were made; 
slight oozing from one of the trocar wounds was noted during the 
operation but was thought to be of no importance. No bleeding from 
the released adhesions was noted and the patient left the operating 
room in excellent condition; however, during the first postoperative 
week a total of about 500 c.c. of at first sanguineous and later sero- 
sanguineous fluid was’ aspirated. The source of hemorrhage must have 
been an intercostal vein which was traumatized by the trocar and which 
continued to ooze after the withdrawal of the cannula. 


In Moore’s collected series one of the 31 hemorrhages proved to be 
fatal; it was described as small but was responsible for one of the 19 
deaths attributable to the operation. 33 In my collected series 8 of the 
159 hemorrhages proved to be fatal, thus accounting for 8 of the 59 
deaths attributable to the operation; they were described as large 
(Table XI). 

Although intercostal vessels constitute the most frequent source of 
intrapleural hemorrhage and even death is known to have resulted 
from uncontrollable hemorrhage from an intercostal artery, massive 
-hemorrhage from injury to the great mediastinal vessels or the lung 
itself is by far the more serious. I have personal knowledge of three 
instances of operative injury to the mediastinal vessels with a lapidly 
fatal outcome despite a thoracotomy in one of them. Only infrequently 
Avas the source of hemorrhage stated in the literature reviewed. 


•Fractions of a degree were eliminated by substituting the nearest whole number; 
thus 100.4 was recorded as 100° F. and 100.6 as 101 F. 
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Table XI 


Causes or Deatii Attributable to Pneumonolysib 







CAUSES or DEATH 

MOORE* 

INCLUDING HIS OWN 


(1924-1932) 

series (1933-1943) 

Spontaneous pneumothorax 

f 

5 

Bronchopleural fistula 

f 

24 

Empyemas 

Pure tuberculous 

f 

1 

Pyogenic 
illied tuberculous 

f 

"majority” 

2 

5 

Intrapleural hemorrhage 

1 

8 

Air embolism 

1 

1 

Extension of pulmonary disease 

T 

2 

Ca rd 1 o reap Ira to ry d ec o m pe jp sa t f o n 

f 

I 

Unspecified 

t 

4 

Total mortality 

■ 5^15 

63 

(1.18%) 


*1,850 case*. 

t6,1H coses, but fatality statlitlcs found reported only for about nlne-tentlis of 
the «erie*. 


Moore** stated that nearly all of the reported hemorrhages occurred 
•wdth the use of the cautery, but when it is realized that 83 per cent 
of those reporting employed the cautery it will appear that the type of 
current used was not the deciding factor. 

Surgical Emphysema .—Mild subcutaneous emphysema localized to 
the chest wall about the trocar wounds is common; it is not clinically 
important and strictly speaking is not a complication. In my own 
series there was one instance of severe subcutaneous emphysema in a 
patient with extensive pulmonary disease and a severe cough which 
was not controlled properly; loss of pneumothorax did not result. 

Spontaneous Pneumothorax.—Spontaneous pneumothorax should be 
regarded as a serious complication as it may be followed by a broncho¬ 
pleural fistula and a mixed tuberculous empyema. In my collected 
series 9 per cent of all deaths attributable to the operation resulted 
from this complication (Table XI). In my own series spontaneous 
pneumothorax not attributable to the operation occurred twice in the 
same patient three and five mouths postoperatively; it was relieved by 
simple aspiration of air but was finally abandoned when seven months 
postoperatively the 7 cm. cavity was still patent in spite of complete 
and uneventful pneumonolysis. 

Bronchopleural Fistula—The danger of the complication of broncho¬ 
pleural fistula when clinically demonstrable is exceeded only by mas¬ 
sive intrapleural hemorrhage from the great mediastinal vessels. No 
mention of this complication was made by Moore,** who probably in¬ 
cluded it in the mixed tuberculous empyema group of his collected 
series. 

When clinically demonstrable a bronchopleural fistula is almost al¬ 
ways accompanied or followed by mixed tuberculous empyema sug- 
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gesting that the source of the secondary infection is in the traumatized 
or sloughing lung. The incidence of this dreadful complication could 
undoubtedly be reduced if Newton’s 34 ably presented concept of re¬ 
leasing as opposed to cutting, dividing, or severing adhesions were 
more fully appreciated and if adhesions only questionably operable as 
determined thoracoscopically were left alone. The opening statement 
in the preceding paragraph is amply supported by the fact that in 
my collected series about two-fifths of these complications proved fatal 
and a little less than one-half of all deaths attributable to the opera¬ 
tion resulted from this complication (Table XI). 

Pleural Effusions .—Most unoperated, pneinnothoraees have fluid at 
one time or another. Head is quoted by Moore 33 as haAnng stated that 
following pneumonolysis tuberculous effusions were twice as common 
as in unoperated pneumothoraces; this must have been true two dec¬ 
ades ago. In Moore’s collected series the incidence of small and large 
pleural effusions was about 34 per cent, 33 in my collected series 25.5 
per cent, and in my own series only 9 per cent. 

Prominent in the more recent literature was evidence that pneu¬ 
monolysis was not an important factor in the production of pleural 
effusions and that it certainly did not ad'd materially to the incidence 
of pleural effusions occurring commonly with pneumothorax alone. In 
fact, purulent fluids and large serous effusions are believed by these 
workers to be less frequent following pnbumonolysis than in unop¬ 
erated pneumothoraces restricted by adhesions. 11 ’ 12> 21 > 20 

Pure Tuberculous Empyema.—Both purulent and large serous effu¬ 
sions complicating induced pneumothorax and closed intrapleural pneu¬ 
monolysis are believed to originate in spontaneous or operative ulcera¬ 
tion of pleural or subpleural tuberculous foci. 11 ’ As already stated, the 
more recent reports indicate that following closed intrapleural pneu¬ 
monolysis the incidence of empyema is no greater than in unoperated 
pneumothoraces. 11 ’ 12> 21 > 28 

• In my collected series death from empyema occurred in only 1 of 
the 114 patients with this complication; in the 1 patient in my own 
series who was febrile at the time of the operation because of a sub¬ 
acute serous effusion a small amount of clear fluid persisted postop- 
peratively and after many months of neglect to aspirate was found to 
have become purulent. 

Mixed Tuberculous Empyema .—As previously stated, mixed tubercu¬ 
lous empyema is a very serious and fairly constant sequel to broncho¬ 
pleural fistula and the two follow spontaneous or operative trauma to 
tuberculous lung' tissue. In Moore’s collected series all mixed tuber¬ 
culous empyemas-resulted from perforation of lung or opening into a 
pulmonary cavity and about one-third of them died; this complication 
was responsible foiv-the majority of all deaths in his series. In my 
collected series bronchopleural fistula or tuberculous, pyogenic or mixed 
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tuberculous empyema, nil of which represent pulmonary trauma asso¬ 
ciated with pleural infection, proved fatal in one-sixth of the eases and 
wero responsible for a majority of all donths. (Table XI). 

Pyogenic Empyema .—It is generally thought that external contami¬ 
nation, ns by unsterile instruments, is much less frequently responsible 
for this complication than operative trauma to lung tissue. Its out¬ 
come was fatal in 2 of the 7 instances in my collected series (Table XI). 

Ohlitorativc Pleuritis.—By the term obliterative pleuritis is meant a 
gradual restriction of the pleural space through creeping out of the 
lung edges accompanied by a rise of intrapleural pressures and de¬ 
creased demand for air refills. Following pnenmonolysis the incidence 
of this complication is said to be definitely higher than in unoperated 
pneumothornces. 10 The only instance of obliterative plouritis in my 
series developed eight mouths postoporatively without loss of space 
and was not attributed to the operation. 

Other Lest Common Complications .—Less common complications wero 
found reported but rarely in my collected series and were not encoun¬ 
tered in my own scries. They include loss of pneumothorax space, air 
embolism, pleurocutaneous fistula, secondary perforation of the lung, 
shock, nerve injury, and extension of pulmonary disease. 

As an early postoperative complication, loss of pneumothorax space 
is generally employed to designate loss of pneumothorax from rapid 
loss of air through severe and uncontrollable surgical emphysema and 
not through gradual obliterative pleuritis. Air embolism was uni¬ 
formly fatal. Iu Moore’s collected series an effusion was present at 
the time of operation in those cases which became complicated by 
pleurocutaneous fistula. He regarded perforation of lung secondary 
only if it occurred more than six weeks postoperatively.* 3 
Operative and Postoperative Deaths.—la Moore’s collected series the 
majority of the 19 deaths attributable to the operation was ascribed to 
mixed tuberculous empyema resulting from perforation of the lung or 
opening into pulmonary cavities within tho first six postoperative 
weeks. Only 1 fatality was ascribed to air embolism and 1 to a small 
intrapleural hemorrhage despite the fact that there were 15 serious 
hemorrhages; the causes of the remaining deaths were not given. 13 

In my collected series also the majority of the 53 deaths attributable 
to the operation resulted from lung trauma and infection; second in 
frequency was intrapleural hemorrhage and the remaining deaths 
were due to less common and unspecified causes. Thus, operative 
trauma to lung with resulting infection of the pleural cavity is by far 
the most common cause of death attributable to the operation and is 
probably due more frequently to defective judgment and failure to 
recognize inoperable adhesions than to a pure accident. On the other 
hand, intrapleural hemorrhage, the second most common cause of 
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LOSS OF PNEUMO¬ 
THORAX SPACE 


XII—Cont’p 



Average preopemtive age pneumothorax 
0 mo.; complete absence of complica¬ 
tions 80%; no pleurocutaneoua fUta¬ 
la or extension of T.b. 

Average preopemtive age pneumothorax 
4 mo.; contralateral source T.b. 32%; 
operative time few to 00 min. 


No plenrocntaneous fistula 
P.O. period of observation for complica¬ 
tions only; no embolism or shock or 
pleurocutaneoua fistula 
Contralateral source of T.b- 47%; no 
shock 

Preoperative age pneumothorax 1^-2 
mo.; average operative time 60 min.; 
secondary perforation 0.5%; complete 
absence of complications 71% 


Average operative time 00 min. 

Preoperative age of pneumothorax 1-8 
mo.; contralateral source T.b. 18%; 
no extension of T.b. or pleurocutnne- 
ous fistula 

Average preo pern tire age pneumothortx 
mo.; complete absence eompll^a- 


Contralateral source T.b. 83%; com¬ 
plete absence complications 27%; ex¬ 
tension of T.b. 4%; no pleurocutane- 
ons fistula 

Preoperative age of pneumothorax l%-2 
mo.; contralateral source T.b. 23% 
Contralateral source T.b. $5%; no n^rve 
injury or pleurocutaneoua fistula 


Average preoperative age pneumothortx 9 
mo.; average operative time 66 min.; 
complete absence complications 84%; 
extension T.b. 2%; no air embolism 
From a paper on T.b. Empyema 
Average preoperative age pneumothorax 
8 mo.; contralateral source T.b. 23+%; 
average operative time 60 min.; com¬ 
plete absence complications 56%: no 
extension T.b., shock, nerve injury, 
air embolism or secondary perforation 


Operative stages 5,880; date of opera¬ 
tions 1927-1942; duration of P.O. ob¬ 
servation 3-60 mo.; minimal T.b. 0%; 
prolonged fever 7%; severe subcu¬ 
taneous emphysema 2.0%; obliterative 
pleuritic 7% 
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title given this section of the manuscript. The postoperative clinical 
results of pneumothorax in my own series will be presented under the 
headings of Cavity Status and Sputum Status. 

In the absence of restricting adhesions we regard a clinically unsuc¬ 
cessful pneumothorax as a failure due to factors other than mechani¬ 
cally ineffective collapse. Why blame the operation when, in the ab¬ 
sence of postoperative complications, pneumothorax remains a clinical 
failure despite conversion by means of complete pneumonolysis from 
mechanically defective into mechanical!y perfect collapse? It is of the 
pneumothorax that we expect cavity closure and sputum conversion. 
All pneumonolysis should be expected to achieve is concentrically free 
collapse which is our aim when pneumothorax is first induced. That if 
pneumothorax is indicated at all it should be free of restricting ad¬ 
hesions is concluded on the basis of past experience of those who ob¬ 
served that superior results, both immediate and ultimate, were ob¬ 
tained in patients with concentrically free collapse either spontaneous 
or brought about by pneumonolysis . 24 * 31 * ss * 43 * 44 

I believe it unfair to the procedure of pneumonolysis to judge it by 
the subsequent clinical results of pneumothorax or to compare it to 
phrenic nerve interruption. It is true that in the presence of pneumo¬ 
thorax neither a technically successful phrenic nerve interruption re¬ 
sulting in paralysis and elevation of the hemidiaphragm nor a complete 
pneumonolysis resulting in concentrically free collapse is synonymous 
with clinical success of the pneumothorax, but this is as far as the simi¬ 
larity of the two operative procedures goes. Phrenic nerve interruption 
is not a substitute for pneumonolysis. Close analysis reveals that phrenic 
nerve interruption does not alter the character of pneumothorax re¬ 
stricted by adhesions and is an independent procedure apart from pneu¬ 
mothorax and therefore entitled to its share of credit or blame for 
clinical results. Complete pneumonolysis, on the other hand, radically 
alters the character of the collapse by pneumothorax and as an integral 
part of collapse by pneumothorax is not entitled to its own clinical 
results; the clinical results of collapse are those of pneumothorax and 
not of pneumonolysis. The results of pneumonolysis consist of me¬ 
chanical alterations in collapse and of operative and postoperative 
complications. 

Cavity Status .—In my collected series cavity status following pneu¬ 
monolysis was found reported for about one-half of the patients and 
cavity closure ranged from 44 to 90 per cent and averaged 72 per cent. 
In my own series of 50 lungs there were 11 liuigs with no preoperative 
x-ray evidence of cavitation, 1 lung with insufficient x-ray follow-up, 
and 4 with definitely insufficient operative freeing of the lung (done 
early in my experience) to expect any alteration in the character of 
the collapse. In the remaining 34 lungs cavity closure was obtained in 
74 per cent and some or all of the cavities persisted in 26 per cent. 
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Insofar ns pitlmonnry cavitation is concerned, the aim of the opera¬ 
tion is to alter the collapse to bring about cavity closure as speedily as 
possible. In my series the first roentgenogram was made ono week post- 
oporatively in the grent majority of cases; in a few it was made within 
the first three postoperative days, and in several one to three months 
postopcratively. Subsequently patients were x-rnyed at two- to three- 
month intervals. It was therefore impossible to establish accurately 
the actual interval between operation and cavity closure. However, 
with the data in hand an nttempt was made to determine the cavity 
status in the first postoperative roentgenogram ns well as in tho latest, and 
to establish tho dute of cavity closure. Tims, in the first postoperative 
roentgenogram of the 34 lungs all cavities were closed in 18, or 53 per 
cent, some of the cavities closed in 3, and all cavities persisted, although 
smaller, in 13. In the final roentgenograms the findings were: 25, or 
74 per cent, 2 and 7, respectively. Earliest x-ray evidence of cavity 
closure was found in four days to seven months and an average of 1.7 
months postoperatively; no relationship was noted between the type 
of operation and the time of closure. Carp and Ivornblith” reported 
(javity closure in an average of about one month following complete, 
and two months following partial, pneumonolysis. Some of the lungs 
in my series were subsequently re-expanded and again collapsed by 
thoracoplasty and in these cavity status was given as of the date of 
discontinuance of pneumothorax. 

Sputum Status .—In my collected series sputum status following opera¬ 
tion was found reported for about one-half of tho pntients and sputum 
conversion ranged from 41 to 95 por cont and averaged 73 per cent. 
In my own series of 48 patients there were 12 whose sputum was nega¬ 
tive preoperatively, 12 with demonstrable sources of positive sputum 
other than cavitation in the homolateral lung (contralateral cavitation, 
laryngeal and/or trachcbronchial ulceration), and 3 with definitely 
insufficient operative freeing of the lung (done early in my experi¬ 
ence) to expect any alteration in the character of the collapse. In the 
remaining 21 patients, 7 of whom bad no x-ray evidence of cavitation, 
the sputum was positive in 14 on concentration and in 7 on culture 
only. Sputum conversion was nckieved in 76 per cent of these and it 
failed in 24 per cent. 

One of the chief aims of early pueumonolysis iB to alter the character 
of the collapse to produce sputum conversion as speedily as possible 
after induction of pneumothorax. In my own small series sputum 
studies were not made at regular postoperative intervals; it is therefore 
impossible to establish accurately the earliest date of sputum conver¬ 
sion. The date of the first negativo sputum followed by consistently 
negative sputa was regarded as the date of conversion. During the 
first postoperative month no sputum examination was done in 9 pn¬ 
tients, the sputum remained positive in 6, and it was negative in 7 pa- 
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tients. At the time of discharge or in April, 1943, the sputum was con¬ 
verted in 16, or 76 per cent, patients and unconverted in the remaining 
5, or 24 per cent. Of the 5 remaining positive, 3 were positive on con¬ 
centration and 2 on culture only. Of the 16 in which it was converted, 
14 were on the basis of an average of 2 cultures of sputum and/or 
gastric washings and the remaining 2 on the basis of an average of 4 
examinations by the concentration method only. 

In my series conversion took place one to seven months and an aver¬ 
age of three months postoperatively; in 10, or 63 per cent, it was con¬ 
verted in three months or less and in the remaining 6 in over three 
months. Without stating their criteria of sputum conversion, Stem- 
merman and Tehertkoff 44 reported 88 per cent sputum conversion nothin 
the first three postoperative months and 12 per cent after this time; Carp 
and Kornblith 5 reported sputum conversion usually one month following 
cavity closure and an average of two months postoperatively in complete 
and three months in partial operation. Employing rigid criteria Jones 29 
reported an average of five and one-half months for sputum conversion. 

DISCUSSION 

Like any other therapeutic procedure, closed intrapleural pneumono¬ 
lysis should be evaluated by the positive benefit to the patient and by 
the absence of complications aggravating the patient’s condition which 
the operation was intended to improve. It is realized that in especially 
desperate circumstances pneumonolysis may be the only procedure 
offering any hope at all. 

Examination of data in Table X will disclose that while some of the 
series reviewed were remarkably free of serious complications, the 
incidence for the entire collected series based on complications reported 
definitely as present or absent was not very low. If failure to mention 
a particular complication were regarded as its absence, the incidence 
of complications for the entire collected series would have been lower 
than that given in Table X. When it is remembered that pneumonoly¬ 
sis is an elective procedure and only rarely one of emergency, it will 
be realized that there is definite room for reduction in the incidence of 
the more serious complications. As already pointed out by Newton, 34 
the incidence of these complications can be reduced to the minimum 
by improvement in both operative technique itself and surgical judg¬ 
ment as to operability of thoracoscopically inspected adhesions. Free¬ 
ing or releasing of adhesions off their parietal attachments as con¬ 
trasted with cutting, dividing, and severing them would go a long way 
in preventing serious lung injury. 

While none of the postoperative complications in my own series, 
except for the single instance of intrapleural hemorrhage, were of any 
consequence, it is of interest to know that among those febrile the inci¬ 
dence of exudative infiltration and pleural effusion at the time of 



QOORWTTCII: CLOSED INTRAPLEURAL PNEUMONOLYSIS 243 

operation and of early, partial or prolonged operation was slightly 
highor than among those nfebrile postoperatively. Among patients 
with postoperative effusion the incidence of early and partinl operation 
was slightly greater than nmong those without postoperative effusion. 
However, the benefit derived from enrlier cavity closure and sputum 
conversion undoubtedly more than outweighed the disadvantage of the 
minor complications mentioned. 

In examining the procedure of pneumonolysis for any positive bene¬ 
fit to tho patient, improvement in the mechanical character of the col¬ 
lapse, the only direct result of the operation, is also the only true 
criterion of benefit. This criterion is supported by the universally 
recognized observation that collapse free of restricting adhesions is in 
the great majority of instances synonymous with clinically successful 
collapse. However, it should also ho mentioned that partial or incom¬ 
plete pneumonolysis is often sufficient to alter the collapse so as to 
result in clinical success. In my collected series the incidence of clini¬ 
cal success is almost uniformly greater than the incidence of complete 
pneumonolysis. 

The relationship between the type of pneumonolysis and the clinical 
results of pneumothorax ranged from the statement of Andrews, 1 that 
clinical success was only slightly more frequent following complete 
than incomplete operation, to tho report of Edwards and Lynn, 11 who 
obtained successful “radiological results” following complete pneu¬ 
monolysis two and one-half times as frequently ns following partial 
operation. In attempting to find out why in 7 pntients of my own 
series cavitation persisted despite greater incidence of complete pneu¬ 
monolysis and smaller incidence of large adhesions, it was discovered 
that the average known age of cavitation and of pneumothorax was 
one and one-half times as great and incidence of obliterative pleuritis 
three times as great as among the 25 in whom cavity closure was 
achieved. Tuberculous bronchitis did not appear to be a factor in this 
small series. 

A similar attempt to oxplain failure to convert sputum despite com¬ 
plete pneumonolysis in 6 patients free of contralateral source of posi¬ 
tive sputum led to the discovery that the incidence of cavitation and 
the average known age of cavitation and of pneumothorax were twice 
as great as among the 16 pntients in whom sputum conversion was 
achieved despite a lower incidence of complete pneumonolysis. Sus¬ 
picious bronchoscopic findings either before or after operation were 
much more common among those in whom sputum was not converted 
than nmong those who succeeded. These findings indicate that better 
results from postpneumonolysis pneumothorax may be expected by 
earlier induction of pneumothorax and earlier pneumonolysis, and in 
patients free of such complicating factors ns obliterative pleuritis and 
tubercidous bronchitis. 
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To be truly the optimum time for pfieumonolysis itiipust be estab¬ 
lished that the technical and clinical results will be better and be ob¬ 
tained sooner/'and the complications fewer and less serious if the 
operation is"done at this time than if it is postponed. While there is 
universal agreement not to go on with a clinically unsuccessful-pneu¬ 
mothorax indefinitely, the recommendations regarding’.the optimum 
time for pneumonolysis vary considerably. The time recommended 
in the literature reviewed as the optimum time for pneumonolysis 
ranged from three weeks to six months - following induction of pneumo¬ 
thorax,^ B - 12 ’ 24 - 29> 33> 48 . the trend being definitely in' the direction of 
earlier operation.. Others reported that no relationship coruld be found 
among preoperative duration of pneumothorax, clinical results, and 
incidence of postoperative complications 18,21 • 44 and recommended han¬ 
dling each ease on its own merits, that is, individualizing. 44 

In his collected series, Moore 33 did not state the preoperative dura¬ 
tion of pneumothorax; however, he did recommend three to six months 
of collapse prior to consideration of pneumonolysis for two reasons: 
to allow for adhesion stretching and possible cavity closure and to 
render the pleura less irritable and less likely to react to operative 
trauma. In discussing Moore’s paper in 1933; O’Brien recommended 
giving pneumothorax at least six months before pneumonolysis is at¬ 
tempted because before that time one cannot tell whether or not cavity 
will close -without pneumonolysis. 33 In discussing Drash’s paper in 
1-938 both Jacobeus and Welles argued that operating within' two 
months of the induction of pneumothorax did not lead to inferior 
results or increased incidence of complications and that adhesions grew 
more fibrous, thicker, and shorter with time. 13 

In my own small series here reported serious complications were not 
encountered; but it was found that failure to obtain cavity closure 
and/or sputum conversion was definitely associated with pneumothorax 
of duration one and one-half to two times longer than that associated 
with clinical success. I agree with those whp advocate early thoracos¬ 
copy "without waiting six months to see whether the adhesions will 
stretch and the cavity- close, provided the pneumothorax space is large 
enough to make operation feasible. 

- According to Moore 33 the indication for pneumonolysis is incomplete 
pneumothorax of-three to six months’ duration which on account of 
string, cOrd, or band adhesious has not produced a satisfactory collapse 
of diseased lung, that is, cavity closure, sputum conversion, and free¬ 
dom from distressing cough and pain after refills. The discussants of 
his paper declared that the presence of patent cavities and adhesions in 
the roentgenograms did not necessarily mean that the adhesions w ei e 
holding the cavities open; phrenic paralysis and increased intrapleural 
pressures were advocated before attempting pnettmoholysis because 
stretching adhesions was not very dangerous and one could not tell 
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during the first six months whether or not cavities would close without 
pncumonolyais,” Ale still do not know‘Which cavities are held open 
by the adhesions. But we do know that following release of adhesions 
the great majority of cavities do close, which suggests that they were 
prevented from closing l>v restricting adhesions. And because we do 
not know which cavities are and which are not held open by the ad¬ 
hesions and because we do know tlint superior results and fewer com¬ 
plications are obtained in the absence of adhesions, it is believed that 
the patient deserves a thoracoscopic examination and if the adhesions 
arc found feasible pneumonolyRis should he performed. Apparently it 
was this concept evolved during the past decade that was responsible 
for the gradual, but steady liberalization of the indications for pneu- 
monolysis, first through earlier operative intervention in clinically 
unsatisfactory pneumothorax 8 * ,s * ,rt * 2I * e4 * 44 * 4 ' and later through in¬ 

tervention even in symptom-free patients provided the operation can 
be done safely and without obvious risks.' 2 * 21 * **• 24 * ”• sl * * 4 ’ * 3 ' 4 *’ 43 

SUMMARY, AND CONCLUSION'S 

The available English and American literature on closed intrapleural 
pneumonolysis published since the publication of Moore's comprehen¬ 
sive report in 1934 was analyzed and important data tabulated (Tables 
X, XI, XU). My own experience with a scries of 55 operative stages 
on 48 consecutive and unselccted patients was presented (Table IX). 
This small series together with those found in the literature reviewed, 
excluding Moore’s collected series of 2,043 cases, totaled more than 
5,886 operative stages on 5,114 patients. 

Operative technique, complications attributable to the operation, 
technical results of the operation, and clinical results of pneumothorax 
following operation constitute the chief subject of this study. The con¬ 
sensus appears to be that the two-cannula technique is-superior to the 
single cannula technique and although electrosurgery has gained con¬ 
siderably in popularity- daring the past decade, gal van ocautcry and the 
combination .of, the two-has as many or more adherents than electro- 
surgery. •._*•* ■ * ’ 

Criteria for attributability of complication^ to : the operation were 
formulated andr-jall such complications analyzed. It was from a pre¬ 
liminary study of-my awn small series that the impression was gained 
that the Very* great majority of postoperative complications attribu¬ 
table to the operation occurred within * the first four postoperative 
weeks, ns was verified in a subsequent study. 21 The more serious com¬ 
plications which must share in the responsibility for the slow accept¬ 
ance of the operation are tranma and infection leading to massire 
hemorrhage and/or bronchopleural fistula and mixed infection em¬ 
pyema, the chief contributors to death attributable to the operation. 
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In speaking of technical results of pneumonolysis, the advantages of 
the terms complete and partial over the terms technically successful 
and unsuccessful must be pointed out; the former are more descriptive 
and tell exactly what was accomplished, whereas the latter are open to 
various interpretations. The clinical results of pneumonolysis, a very 
popular expression in the literature, should be regarded as a misnomer 
because the only direct results of pneumonolysis are the complications 
attributable to the operation and the mechanical alterations in the 
character of the collapse; the clinical results are those of pneumo¬ 
thorax and not of pneumonolysis. 

Standardization of terminologj" is urged so that comparison of results 
may be more meaningful; sputum conversion statistics following pneu¬ 
monolysis, for example, mean little unless it is known that a contra¬ 
lateral or extrapulmonary source of positive sputum does not exist. 
Just as important are the time interval between operation and evalua¬ 
tion of results and the criteria of sputum conversion. It is probable 
that few sanatoriums were as particular regarding the last mentioned 
as those of Barlow 29 and Pottenger. 38 However, this circumstance prob¬ 
ably does not detract from the value of the data gathered because in 
the majority of the reports the criteria ivere probably uniformly less 
exacting than those in the sanatoriums mentioned. 

A gradual and steady trend toward both earlier pneumonolysis and 
broadening of the indications for the operation was noted in the litera¬ 
ture reviewed. This changing attitude must be attributed to the recog¬ 
nized superiority of clinical results and lower incidence of complica¬ 
tions in pneumothoraces initially free or surgically freed of restricting 
adhesions. If pneumothorax is at all indicated, a concentrically free 
collapse should be our aim and if restricting adhesions are present and 
thoracoscopy demonstrates that they can be released without risking 
severe complications pneumonolysis is indicated. 

Only thoracoscopic examination can determine the character and 
feasibility of the adhesions and often it only can answer the question 
whether or not adhesions are present. Indications for thoracoscopy 
and consideration of pneumonolysis that I advocate are: (1) x-ray 
evidence of adhesions which are not obviously diffuse and (2) a per¬ 
sistently positive sputum with or without cavitation despite absence of 
x-ray evidence of adhesions. 

The optimum time for thoracoscopy is one to two months following 
induction of pneumothorax provided the pneumothorax space is large 
enough to allow instrument manipulation. Adhesions found attached 
to the diseased lobe should be released if this can be done safely and 
without obvious risks. Only in specially desperate circumstances where 
no other collapse procedure is feasible is one justified in undertaking a 
pneumonolysis involving obvious risks of serious postoperative compli¬ 
cations. Adhesions in the presence of patent cavitation or positive 
sputum arising in the parenchyma of the collapsed lung constitute a 
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more urgent indication for pneumonolysis than adhesions over a con¬ 
trolled lesion in the symptom-freo patient. The only contraindications 
to pneumonolysis are: mixed tnborculous empyema, acute febrile 
pleural effusion, sorous or purulent and progressing obliterative pleuritis. 

Sinco the publication of Moore's collected scries in 1934, more than 
tiro and ono-half times ns many pneumonolyses were reported as during 
the preceding decade. Despite this increasing employment of the pro¬ 
cedure in tho improvement of induced pneumothorax, it must be ad¬ 
mitted thnt thirty years after the introduction of closed pneumonolysis 
its acceptance by the profession is still incomplete. There still remain 
sanatoriums in which pneumothorax, phrenic nerve interruption, and 
thoracoplasty are performed regularly but no pneumonolysis. As long 
ns pneumothorax retains its role of the most commonly practiced collapse 
procedure, thoracoscopy and pneumonolysis must be accepted ns integral 
parts of such a collapse program both in order to improve tho character 
of the collapse in thoso in whom it should he maintained and to eliminate 
those in whom pneumothorax is useless or oven dangerous and in whom 
it should be abandoned in favor of a more effective procedure. 

Assistance In tabulating br June Von Hof© I* hereby gratefully acknowledged. 
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SURGICAL MANAGEMENT OF- RESIDUAL TUBERCULOUS 
CAYITIES FOLLOWING PRIMARY THORACOPLASTY 

- • ^ '' ’ y 

A. R. Judd, M.D. (nr ixotation) 

HAiinirRo'PA.' 

I N THE treatment of pulmonary luborenlosis modern extrapleural 
thoracoplasty lias no counterpart in properly selected cases. Through¬ 
out the.past years there has been a progressive improvement in the selec¬ 
tion of eases, in the surgical technique, and in the postoperative care 
and management, yet nfter the most exacting attention to detail in 
each of these departments, there remain a few cases in which a com¬ 
plete closure of the cavity has not been realized and the sputum con¬ 
tinues to show the presence of tubercle bacilli. This is a problem that 
confronts any of us who are engaged ill the surgical treatment of pul¬ 
monary tuberculosis. Alexander,’ in the report of his results from 
secondary thoracoplasty, stated that 21.4 per cent of 14 patients still 
hnvc positive sputum. Dolley, Jones, and Paxton’ found 396 out of 
1,636 cases with positive spntum due to incomplete approximation of 
cavity walls and active bronchial or tracheal ulceration. Recently 
O’Brien and his associates,” in reviewing 511 eases, stated that 12.98 
por cent did not have cavities closed nfter operation. 

Assuming that the surgical collapse is otherwise adequate as a result 
of the resection of the transverse processes, and sufficient lengths of 
the anterior portions of the ribs, the principal remaining procedure 
thus far accepted and generally recommended is the secondary or 
revision thoracoplasty, unless one of the less widely used procedures, 
to be discussed later, are undertaken. 

The rate of incidence of this secondary operation can be reduced in 


several ways: . , . ., . - 

1. The resection of the transverse spinal processes and sufficient 

lengths of-the necessary number, of 1 ribs at the time of the first series 
of operations ■ ■ ,; . . • • 

2. Judicious application of • formalin, to the periosteal beds at the 

time of the first stage . 

3. Elimination of undue delays between stages 

4. The performance of an apicolysis (Semt) | prpcedure) ,< 

6. Maintenance of an odequatg.porioi!!. .^jcy.en .months or more) of 
strict bed rest following.|he conipTetiph of jlWs^cgieal program 

Failure to resect 'the transverse prpeesses^Jjig., 1) contributes to the 
maintenance of dji'e,posterior: vertehral^gut^ej, area into which cavities 


Bead (by title.) fat t(itr Twqpty-ttrlh 'Annu'np Jlotrtlnn;.' c 
for Thoracic Bui-eery, nt Chicago, I^L, May 6 ^nd 6, 1^4^, 
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can “migrate” and thus minimize, in part at least, the effect of the 
surgical collapse. Similarly, too long anterior rib (Fig. 2) segments 
will prevent an adequate collapse of the underlying diseased lung 
tissue. Particularly is this true in the case of giant cavities and large 
underlying empyema spaces. In this clinic, it is the practice to resect 
all transverse processes, all of the first and second ribs, and generally 


. * ns*. 3 y. 

4 2 R 1 1 3-jrjP* f. V 

■WKJ4W- BERKS CO. •. 



Fig. 1.—Tuberculous cavity still patent; Inadequate resection of transverse processes. 


all of rib three. Other ribs are resected as far anteriorly as each in¬ 
dividual case demands. Long anterior segments are generally not per¬ 
mitted to remain. This practice has all but eliminated the antero¬ 
lateral operation, but has not lowered our estimation of it as a valuable 
procedure when it does become indicated. It is, however, felt that the 
efficiency of the collapse is considerably enhanced by resecting the 
maximum rib lengths at the primary operation if by so doing there is 
no increase in the danger of postoperative complications. 

Since the practice of applying 10 per cent formalin to the periosteal 
beds of the first three ribs, there has been little or no difficulty en¬ 
countered as a result of reasonably prolonged periods of delay between 
the first and the subsequent stages. This is not true if undue delays 
occur, such as between the second and third stages. If such delays do 
occur, re-formed bone will have developed and must be removed if an 
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effective surgical collapso is to bo realized. The nvernge optimum 
mean period between stages is estimated at about three weeks (twenty- 
one days). 

The Semb procedure either as originally described, 11 or ns described 
by Ovorholt”’ ” has been essentially abandoned because of undue com¬ 
plications following this modification of tho regular thoracoplasty pro¬ 
cedure. Theso complications have been described previously. 11 ’ u ’ ** 
I still feel that the violation of tho integrity of the mediastinal lym¬ 
phatics accounts in a large part for the undue rise in deep wound in¬ 
fections and that the Somb procedure, although of particular value in 



Fig. 2 .—inadequate resection of trtin»vereo proceoMJ and too lonr anterior rib ntumps. 
lyirpo cavity remains Incompletely collapsed. 

the closure of large and giant upper lung cavities, cannot be safely 
employed in these cases because of the possibility’ of disruption of an 
indispensable peripheral blood supply to tho cavity wall. It is quite 
possible that certain of the large upper lobe cavities that remain par¬ 
tially uncollapsed following the usual thoracoplasty procedures (Figs. 
3 and 4) would close if an extrapleural apicolysis had been performed, 
but I am not yet wholly convinced that the dangers do not outweigh 
the advantages in this type of case (Fig. 5). 
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Maintenance of strict bed rest folloiving'feomplfetibn’of'the surgical 
program is considered to be absblutelyi essential to the. ultimate cure 
of the disease. Violation of that routine, among other things, will re¬ 
sult in a higher percentage of-"'nonconvei-fed- sputum, eases ” and poor 
postoperative results, thus increasing the incidence of secondary opera¬ 
tions. This latter operation ivill likewise frequently fail in the accom¬ 
plishment of . desired results if* the program of strict; hied rest and 
sanatorium regime is again violated. 1 A.jhipiipdm Of Seven'months of 
such care with the use of wedge pillmvs,-shot ,bags„ - etc.-, ; is strongly 
recommended. • . -• .• •«. 



Fig. 3.—Incomplete . collapse of cavity following "adequate" primary operation 
(thoracoplasty). Sputum Is negative and patient Is able to work following- "mobilisa¬ 
tion and axatlon” operation. (Roentgenogram of patient before "mobilization and 
Hxation" operation.) 


Early in this present series, we were confronted with the problem 
of a cavity which had actually ballooned out beneath the (Fig. 6) 
scapula and above the level of any re-formed bone (third rib periosteal 
bed and upward). It was for the control of this cavity that the tech¬ 
nique hereinafter to be described was devised. In brief, this procedure 
consists of the mobilization of the lung and its suture or plication upon 
itself (Fig. 7, A and B ). Since the first few cases, it has been adopted 
to a large extent as a part of most revision operations. Up to the 
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time of this report--16 patients have heeu subjocted to the modified 
procedure. Good results lmvo been realized in all instances although 
the number is too smnll to permit .of deflnito conclusions regarding the 
value of this or any operative technique; however, it is felt that a very 
distinct advantage 1ms been gained: 

The position of the cavity, the character of the cavity wall, and the 
presence or absence of an increased intraenvitory pressure are con¬ 
sidered to be important factors militating for or against the success 
of a well-performed primary operation. Of these factors the position 
of the cavity in the anteroposterior plane has heretofore been least 
discussed. 



4 —Residual cavity following primary thoracoplaaty. Cavity 1« cloaed and 
xputura l« negative folio wine lunff mobilisation and fixation. 


It has been observed that the greater majority of tuberculosis cav¬ 
ities (Pig. 10, A and B) when viewed on the roentgenogram following 
a lateral projection are situated posteriorly. This peculiarity explains 
for us one of the reasons why obliteration of the posterior vertebral 
gutter must be accomplished and maintained if the complete collapse 
and closure of many pulmonary excavations is to bo realized. By the 
same token, it seems to explain why certain cavities porsist in remain- 
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ing patent not only following the primary but likewise following some 
secondary operations. It was reasoned, therefore, that if this anatomic 
situation could be altered these refractory cases could be effectively 
controlled and the dangers attendant upon the Semb procedure, and 
others, eliminated. The technical problem did not present any unusual 
difficulties although certain cautions had to be observed. These will be 



Fig. 5.—Multiple and multilocular cavitation of upper two-thirds of left lung; entire 
upper lobe excavated. Apicolysis Is considered dangerous in this type of case. 

described later in this communication. The maneuver was carried out 
somewhat timidly at first, but is now considered to be well established 
without having incurred troublesome complications, and with sufficiently 
encouraging results to warrant its continuance in our clinic. 

Although this apparently new maneuver has aided tremendously in 
reducing our percentage of “noneonverted sputum cases” we always 
attempt to carry out the primary series of operations in such a way 
that a maximum mechanical collapse is realized. If then, cavity 
closure is not accomplished (Figs. 1 to 5) a secondary operation (re¬ 
vision) is undertaken and “mobilization and fixation” maneuver incor¬ 
porated completely or partially in the majority of cases. 
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Before proceeding to a consideration of the technique, a short re¬ 
view of tile salient anatomic features and their significance seems 
worth while. 

Anatomy .—It is superfluous to describe all anatomic structures and 
relationships associated with the area involved in the operative field 
under consideration; however, eertain anatomic features will bear 
special consideration. These include the external and internal inter¬ 
costal muscles and some of the structures that are in relation with the 
bodies of the vertebra. 



The external intercostal muscles have their origin at the costal tu¬ 
bercle posteriorly and continue anteriorly to the costochondral junc¬ 
tion from whenoe they are continued to the sternum as the anterior 
intercostal membrane. The internal intercostal muscles, in contrast, 
continue from the sternum to the angles of the ribs as muscles, but 
from the angles of the ribs backward to the vertebra are continued 
as the intercostal membrane. 

The intercostal vein-artery-nerve (intercostal bundle) lies between 
these structures and beneath the lower edge of the rib except from the 
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angle of the rib backward, where they lie in the middle of the inter¬ 
costal space. The arteries arise directly, from the thoracic aorta which 
lies slightly to the left of the midline of the bodies of the vertebra. 
The veins drain into the azygos or hemiazygos veins directly or indi¬ 
rectly through the highest intercostal ■ on the right or the accessory 
hemiazygos, on the left side. • . 




Fig. 7 .— a. A schematic drawing showing the manner In which the lung is rolled 
forward and sutured (pleated) after mobilization posteriorly. B (insert). Suture 
fixation of the lung after mobllizaUon both posteriorly and anteriorly. Anterior 
mobilization is more adaptable in the apical and subnpical regions and In small 
chested" patients. ■ 
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On cither lateral aspect of-the vertebral bodies and ventral to the 
intercostal bundle lfe the sympathetic chain. Coursing upward, in the 
midline, and bung directly upon the bodies of the" vertebra' is the 
thoracic duct.-' ■ " , 


The aorta, the esophagus, and other structures are’ present but ns 
thoy are not too intimately- related to the surgical' maneuver under 
discussion nor subject to injury, they will not be described at this time. 



Pip. 8.—-Rexulta following lung mobilization and flxation and aubtotnl zcnpulec- 
tomy; DO per cent of left lunr originally contained multiple largo cavltlea. Present 
status excellent, sputum negatlvo eighteen months. 


The significance of these features as thoy influence the Burgical pro¬ 
cedure is as follows: The external intercostal muscles may be divided 
posteriorly with complete impunity. The internal intercostal muscles 
do not have to be divided and if the intercostal membrane is sectioned 
the intercostal structures as a whole are carried along with the Jnng. 
The artery, vein, and nerve can be dissected free with ease for a con¬ 
siderable distance forward. Thus, collateral circulation to cavity walls 
will not be interrupted. Because of the overlapping and close prox¬ 
imity of one intercostal artery to the other, it is possible that one may 
be divided and yet an adequate blood supply will remain to preclndc 
any necrosis of the cavity walls. 
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It is also noted that with careful dissection posteriorly there will 
occur no damage to the sympathetic chain although it is usually ele¬ 
vated and may be somewhat displaced when the whole maneuver is 
carried out in its entirety. Incidentally, a profound reflex response 
has been noted in the blood pressure (severe drop) and heart rate 
(marked increase, shallow volume) when the sympathetic chain is un¬ 
duly manipulated. This emphasizes the need for gentle and careful 
handling of tissue during the dissection. 



Pig. 9.—Cavity closed, sputum negative, results following lung mobilization and 
fixation. Same case as Pig. 3. Note area of aerated lung tissue preserved at 
base. 

The positions of the aorta, thoracic duct, etc., are such that even 
with the most extreme dissection these structures will not be damaged 
or interfered with. Although on the left side the aorta is not infre¬ 
quently palpated, with average care it is not at all subject to damage. 

Technique .—The technique followed in removing the regenerated 
bone corresponds to that described by Alexander. 1 After this routine 
has been completed the lung is mobilized anteriorly by releasing fibrous 
and callous attachments around the anterior segments or sternal ends 
of the ribs. Portions of the anterior rib stumps are resected to what¬ 
ever extent is possible or is deemed necessary for the particular case 
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at hand. Next, tlie sear tissue along the spine is incised longitudinally, 
following n line overlying the previous sites of the transverse processes, 
oxcept the first and usually the second. The lino of incision is carried 
deep to tho bony bed that, was left, after tho resection of the trans¬ 
verse processes. From this point on, blunt dissection is employed as 
much as possible. The greatest of core must be exercised not to injure 
the underlying blood vessels and lung. Thence, a free cleavage plane 
is easily established by dividing the loose areolar attachments—the 
cudothoracic fnscin. The plane of dissection is developed so that the 
lung and pleurae arc elevated out of the posterior vertebral gutter 
and from off the lateral aspects of the vertebral bodies. If this dis¬ 
section is carried out bluntly and carefully a minimum of bleeding and 
damage to the intercostal structures will be encountered. 

The intercostal bundles, especially the vessels, are dissected forward 
and their posterior portions freed ns far ns necessary without endan¬ 
gering nny existing collateral blood supply to underlying lung tissue 
or cavity wall. The lnteral and nnterior aspects of the vertebra are 
approached. Caro is exercised not to dnmage either the sympathetic 
trunk, tho thoracic duct, or other pertinent anatomic structures. Tho 
extent to which the lung mass is elevated from off the bodies of the 
vertebra is tempered by the needs of each individual case. However, 
in all cases where this maneuver is undertaken, the limg is always 
elevated from out of tho vertebral gutter and from off the posterior 
one-lmlf to two-thirds of the lateral aspects of the bodies of the ver¬ 
tebra. Posteriorly tho. dissection is carried upward to tho second 
dorsal vertebra and downward to the vertebral body of the last rib 
resected. 

The lung, thus mobilised, iR then rolled forward and sutured in' 
position from above downward (Fig. 11). The sutures, black silk and 
No. 2 chromic catgut doubled, are passed through tho dense flbroUR 
tissue overlying tho vertebral aspect of the lung mass (posteriorly) 
and through the similar fibrous mass anteriorly or through the carti¬ 
laginous chondrosternal portion of the resected ribs. The sutures are 
tied moro snugly above and less snugly below. Caution is constantly 
exercised so that undue constrictions will not be formed by the sutures 
or possibly by cicatricial bonds developing at a later time. There 
results from this procedure a complete collapse of the posterior and 
lateral portion of the lung although a portion of medial and medi- 
asternal areas may romain aorated. Tho wound thereafter jg closed in 
layers in the usual manner without drainage. 

Indications and Contraindications .—The indications consist principal, 
ly of the same indications as for any secondary or revision thoraco¬ 
plasty. That is, tho closure of tuberculous pulmonary cavities tic- 
have not been closed by on adequate primary thoracoplasty in r 
tient who is physiologically qualified to undergo an operation r ,f 



FIs. 10.—A, Uamtnograph 1 cm. from tabic top shows pulmonary cavity to the best advantage. Upper lung 
ipaclty Is result of postpneumothorax pleural effusion. 8, Laminogroph of same patient 6 cm. from table top 
Chls shows cavity "fading out.” Posterior position of cavity Is thus demonstrated. 
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magnitude. The uncollapsed cavity should be demonstrated on the 
routine roentgenogram or by a satisfactory bronchography. 

It is absolutely contraindicated at the time of the primary operation, 
because of the inadvisability of passing sutures through the lung 
parenchyma and the limited scope of the operative field of each stage. 
Other contraindications include those for any thoz'aeoplasty or any 
major operation. It is also inadvisable before an adequate interval 
of time has elapsed following the last primary thoracoplasty stage. 
It has been our practice not to proceed until the newly formed bone 
has become sufficiently well defined to render removal of it as easy as 
possible and further collapse of the diseased area following the pri¬ 
mary operation. Eight to ten weeks are suggested as a minimal time 
limit following the last primary thoracoplasty stage. This time limit 
has the added advantage that the scar tissue will also have had a 
sufficient period of time to strengthen and develop and thus can sup¬ 
port the heavy sutures that are to be required. 

Up to the present time this procedure has not been employed in 
empyema cases. Complete resections of the first three ribs and long 
sections of the others has proved adequate to close all pure tuberculous 
empyema spaces and all mixed tuberculous empyema spaces usually 
down to the fifth or sixth rib. Below this level it has been necessary 
to employ the Schede procedure in the majority of cases, particularly 
if the empyema has existed as such for any length of time. 

Pre- and Postoperative Care and Anesthesia .—Preoperative sedation 
is regulated according to the calculated amount of each individual 
patient. The average sedative, however, consists of morphine sulfate, 
gr. %, and scopolamine hydrobromide, gr. Eoo, preceded by the intra¬ 
venous administration of 1,000 c.c. of 5 per cent glucose. All patients 
are given postural drainage preoperatively. The anesthetic mixture 
is high in oxygen and the carbon dioxide absorption technique is em¬ 
ployed, thus providing a warm moist anesthetic mixtime. 

Gyclopropane has been used exclusively as the anesthetic agent in. 
all our thoracoplasty cases irrespective of the type of operation. Care¬ 
ful management of the depth of the anesthesia during the various 
phases of the operation minimizes the degree of paradoxical motion. 

One factor which I consider of great importance is the patient’s 
position on the table. Before induction the patient is placed in the 
desired position for operation and no marked change is permitted 
thereafter. Extensive manipulations of the patient after induction 
have often been found to lead to undesirable vascular and sometimes 
respiratory changes. 

Immediately postoperative each patient routinely receives a 500 c.c. 
transfusion followed by 1,500 c.c. of 5 per cent glucose intravenously, 
which is a dmini stered at approximately 600 to 800 c.c. per hour. Oxy¬ 
gen by nasal mask is always used for a varying duration. Coughing 
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is encouraged mid opiates arc administered for the control of pain but 
ns sparingly ns possible ns a precaution against depression of tho cough 
reflex. As soon ns tolerated, sandbags, shot bags, and wedge pillows 
are used. Posture is regulated as an additional countermeasure di¬ 
rected against the development of scoliosis. However, sineo fixation 
by suture of the mobilized lung in the collapsed state is the funda¬ 
mental principle of this surgical procedure, it is doubted that com¬ 
pression measures will add much to the collapse. Nevertheless, their 
use is being encouraged but not urged if their application proves too 
painful. 

Complications .—Collection of various amounts of fluid within the 
wound area is tho only complication thus far encountered. In one case 
the quantity of fluid was sufficient to cause some distention of the 
superficial soft tissues and some pain. In this ease only needle aspira¬ 
tion was carried out. The amount of fluid removed was just sufficient 
to afford relief. Fluids have all been absorbed in one to two weeks 
without incident. The general policy has been to permit the fluid to 
remain and be absorbed spontaneously. No infections hnve occurred. 

Although no other complications so far hnve been encountered, it is 
believed that care must be exercised during the suturing and fixation 
of the lung to arrange the sutures so that constricting bands will not 
be formed, otherwise adequate drainage of the lung will be interfered 
with and the soveral sequelae of such would naturally ensue. In our 
series it is too soon to have discovered the full series of complications 
that may develop. It is, liowover, remarkable to note the minimum of 
reaction shown by these pationts to the operation, even though the 
operations and necessary trauma and blood loss are most severe. 

Advantages. —I. have come to feel that this procedure, which has 
been tormed “lung mobilization with fixation,” offers doflnite advantages 
over any procedure yet suggested for the closure of these refractory 
cavities although this too possesses certain limitations. 

The danger of wound infection and necrosis of the cavity wall is 
eliminated due to the fact that a sufficient amount of the peripheral 
vascular supply to support the life of the tissues of the cavity wall 
remains uninterrupted and undisturbed. The mediustinal lymphatics 
are not disrupted and therefore deep wound infections that apparently 
result therefrom have not occurred. 

There is croated a definite “positive or forceful eollapso of the cavity” 
whose walls may be resistant, or the cavity may be a.“positive pres¬ 
sure cavity,” or both. In either event the factors are overcome by the 
couuterforce exerted when the lung mass is rolled forward, sutured, 
and maintained in that position. The relatively permanent suturing 
with black silk provides a means whereby the lung is held in position 
out of the posterior vertebral gutter, a position more favorable for the 
absolute closing of cavernous lesions. 
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Lung mobilization and fixation represents a procedure'that may be 
used routinely with any revision thoracoplasty without incurring any 
appreciable added surgical shock or postoperative complications. A 
second revision operation at a later date is much less likely to. be 
i}eeded-than if .this procedure was not incorporated into the usual re¬ 
vision operation. Lastly, but far from least, is the tremendous reduc¬ 
tion in the degree of paradoxical motion and the possibility of a “flail 
chest” postoperatively, a condition feared after some of these second¬ 
ary or revision operations. - . - 


RESULTS 

Within the past three years (1941-1944), 203 patients have come to 
thoracoplasty of all types for pulmonary tuberculosis or tuberculous 
empyema. This represents a total of 424 stages. In addition to these 
203 patients, 39 have had 45 secondary (revision) operations. Twenty- 
three of the 39 (or 58.1 per cent) represent the “mobilization and fixa¬ 
tion” type of operation. 

At the time of this communication the sputum of all but 1 of the 23 
(or 4.3 percent) patients is free from tubercle bacilli. A few report 
1 to 2 dr. of a mucowatery sputum daily. The remainder are eough- 
and sputum-free. Incidentally, it has been noted that these patients 
upon whom the details of the operation have been rigidly carried out 
have an early disappearance of both cough and sputum or at least a 
dramatic reduction in the amount accompanied also by a change in the 
character of the sputum; the change being from the purulent type to 
the mucowatery variety. 

Of the remaining 16 cases, 3 patients still show tubercle bacilli (18.7 
per cent) in their sputum although there is a good mechanical collapse. 
Every effort has been made to discover the cause of the bacilli in these 
cases but so far without avail in 2 cases while in 1 there was an ex¬ 
tensive tuberculous bronchiectasis involving the lower portions of the 
lung. A fourth case was positive but the patient was operated very 
recently and although sputum is now bacilli-free, it is too soon to 
justify her inclusion in this series. (This patient has likewise had a 
mobilization and fixation operation.) 

DISCUSSION 

Among the many perplexing problems in the surgical treatment of 
pulmonary tuberculosis there is none more discouraging than the pa¬ 
tient who continues to have tubercle bacilli in the sputum following 
a technically adequate thoracoplasty with a good resultant collapse 
of the lung. It may have been that the cavities never completely 
closed or once closed have reopened even after the lapse of many 
months. Why these cavities reopen or fail to collapse cannot always 
be determined. The “heavy walled cavity” and the “positive pres¬ 
sure cavity” are notoriously difficult to collapse; the resistant chronic 
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fibrotic lung and the giant upper lobe excavations also presentdiffi¬ 
culties militating against the success of a correctly performed primary 
thoracoplasty. 

Over a period of years a variety of recommendations and suggestions 
have been designed to combat this problem, yet it still remains as a 
challenge to the thoracic surgeon. Supplemental procedures have been 
designed. Semb'" and Overboil 11 ' 33 suggested an apicolysis, Head 10 
suggested the “myoplnstio thoracoplasty,” Dolley and Jones,"' T Alex¬ 
ander, 1 and others" have suggested pneumonectomy nnd lobectomy in 
certain selected cases. Coryllos and Ornstein" have reported open 
drainage or cavities with pedieled muscle daps being used to till these 
cavities. I had one such successful case in a patient who died approxi¬ 
mately two years later of bilateral renal tuberculosis. Extrapleural 
gauze packs, Monnidi intracavitory drainage, and the flap drainage 
of Rogers nnd his co-workers 13 are among other recommendations that 
have been described to aid in the collapsing of these residual excava¬ 
tions. Eloesser,”' 10 quoting Adams, suggests that some method of oc¬ 
cluding the affected lobe will be devised. It appears from the results 
already obtained, that lung mobilization with fixntion is potentially 
capable of accomplishing this aim. 

In developing this procedure an effort has been made to devise a 
method that would sacrifice as little lung tissue ns possible, entail a 
minimum of unfavorable postoperative sequelae, and subject the pa¬ 
tient to a convalescence no more troublesome thmi the nverage second¬ 
ary operation and yet fully obtain the goal of cavity closure. 

The advisability of lobectomy nnd pneumonectomy is open to con¬ 
siderable question. The infrequency of proper indications and the 
inevitably high mortality ns yet does not justify lobectomy or pneumo¬ 
nectomy in the majority of eases. 

Such procedures ns the open drainage of cavities, by Monaldi drain¬ 
age 1 " or by pedieled muscle flaps, violate a long-established principle, 
that of incising directly into a tuberculous lung with the consequent 
tuberculous sinuses and fistulas. The wound infections and postopera¬ 
tive atelectasis that are common in apicolysis and its several variations 
place special limitations on this maneuver. These have been absent in 
our mobilization and fixation cases, without incurring undue limita¬ 
tions in the flexibility of the operation. So far, we have not been 
called upon to carry our dissections below the level of the eighth dorsal 
vertebra. AVe arc therefore not able, at this time, to comment on the 
possible difficulties or results involving the area below this level. 
Abovo this level the area involved in the procedure is determined by 
roentgenogram (with or without a lipiodol bronchography). Although 
the entire lung abovo the eighth rib cannot be wholly occluded, espe¬ 
cially in individuals with large chests, the amount occluded can bo 
regulated almost at will so that apparently no aerated lung tissue will 
remain if such is desired (FigB. 8 and 9). 
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The series of cases upon which this report is based is yet too small 
to justify definite conclusions. The possibility that the series will be 
rapidly expanded to satisfactory proportions is remote, for in any 
clinic the total number of revision or secondary operations is not very 
great. A report at this time is therefore considered justified so that 
others may accord this procedure a fair trial and the accumulated 
results therefrom will throw greater light upon the possible value of 
lung mobilization and fixation. 
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A PNEUMONOLYSIS SPONGE CARRIER AND DISSECTOR 


James S. Conant, M.D. 

Glenn Dale, JId. 

P RESENT instruments used for sponging the opomtivc field during 
closed intrapleural pneunionolysis include metal applicators upon 
which cotton is cemented and bronehoscopic sponge earriersj Cotton 
applicators often foul the cannula, leave fibers of cotton within the 
chest, and the cotton occasionally drops off. Bronehoscopic spongo car¬ 
riers are very lightly constructed and can carry only an exceedingly 
small spongo for intmthomcie work. They bend readily, especially 
when tho operation proceeds to an awkward position of tho chest, and 
do not always permit adequate pressure to lie applied to bleeding points. 
Specially designed carriers ore expensive and may break. For these 
reasons many operators prefer an olive tip laryngeal suction tube to 
keep tho field clean and care little for mechanical wiping. 

There are several advantages, however, in using sponges within the 
chest. They may bo applied more gently and with bettor control than 
a suction tube, they afford traction to some degree, and are of consider¬ 
able value in the enucleation of adhesions after tho cndotboracic fascial 
plane has been infiltrated with novocain solution, as originated by Ralph 
C. Matson, and the parietal pleura incised. 1 

For these reasons a now type of sponge carrier was developed and has 
been used intensively by tho writer during tho past year.* It consists of 
a 12-inch stainless steel rod, 5/32 inch in diameter with a handle having 
a recessed prong at its distal end. The flattened tip of the rod is 3/16 
inch wido and contains a guarded prong within an elongated eye. The 
fabric used is gauio or bias tape % inch wide. 

The tape is first threaded through tho eye of tho carrier, then car¬ 
ried ovor tho tip and pulled tightly ns it is fixed on the prong at the 
handle. Moderate tension is all that is necessary to prevent the gnuxe 
slipping sidewiso on the applicator tip. The tape is trimmed 14 inch 
from tho eye and the other end cut 8 or 10 inches beyond tho handle. 
When blood has accumulated on the material at the tip the tape is 
merely released from the handle and drawn through the eye until a 
clean area appears, whereupon tho tape is again fixed at the eye, 
trimmed, and fixed at the handle. This prnclico saves the time of re¬ 
threading. Time is also saved by having several of these instruments 
already' threaded before the operation begins. 

Because of temporary priority difficulties in obtaining bins tape, 1-inch 
gauze bandage was folded lengthwiso twico by inverting the edges, and 
stitched slightly off center on a sewing machine. This mnterinl has no 

From Glenn Dale Sanatorium, Health Department, District of Columbia. 

Received for publication Fab. 14. 1944. 

•May bo obtained from American Cy*rto*cope linker*. Inc-. Lafayette Ave., Bronx, 
New York, N. Y. 
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ragged edges, appears to be more absorbent than commercial bias tape, 
and does not interfere with the rapid insertion , or withdrawal of the 
carrier from the cannula. 

The instrument can be rapidly threaded in the dark by the nurse 
after a little practice. There is no danger of a pledget being lost. The 
instinment will withstand considerable pressure to control oozing, espe¬ 
cially when work is done under adverse conditions. In enucleation it 



Fig. 1. 



wipes the chest wall clean and does not shred fibrous tissue as does a 
cold cautery tip. Shredding gives rise to considerable oozing which 
obscures the field and frequently causes the surgeon to stop in the middle 
of an operation on a surface-to-surface attachment because of the feai 
that he may have lost the proper plane of dissection. 
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THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 

Twenty-Fifth Annual, JIketino 


r T’3IE tirenly-llftl] annual meotlnp of The American Association for Thoracic 
1 Surgery was held in Chicago nt the Drake Hotel, May 5 nnd fl. In the nh- 
nonco of the president, Dr. Edwnrtl D. Clinrcfilll, who In n Colonol in the Medical 
Corpn, Army U, f\, ovornonn, tho office iron tloelartwl rncnnt nnd Dr. Frank 8. 
Doliey, the vic(-prenidont, was olected to fill it. Dr. Claude 8. Beck wan elected 
to tho office of Vicc-prcnldcnt. Both officcn were thus (Hied for tho duration of 
the meoting. 

Colonel William L. Kellor was olectcd to honorary membership, honoris causa. 

The resignations of: Dr. John Powors, Dr. William H. Stewart, Dr. William P. 
Herbert, and Dr. Edward W. Potonon were accepted with regret. 

Tho following active members were retired at their own request to senior 
momlhorship; 

Dr. Carl Eggers Dr. William H. Thenrlc Dr. Carl Stoinkc 


Tho following associate menders were elected to active membership: 


Dr. Edgar Davis 
Dr. n. McLeod Higgins 
Dr. Horlwrt C. Mnlcr 
Dr. Brian Blades 
Dr. John Gnrlock 


Dr. Frederick Kergin 
Dr. Arthur M. Vinelwrg 
Dr. MJclmel DeBakey 
Dr. Lyrann Brewer 
Dr. Paul ITolinger 


The following enndidotes were olectcd to associate membership: 

Dr. Theodore L, Bndgor, 2<H Betvcon 8t, Boston, Mass. 

Dr. O. Tlieron Clagett, Tlie Mnyo Clinic, Rochester, Minn. 

Dr. Frederick D. Ackerman, 1374 Sherbrooke 8t. W, Montreal, P. Q, Canada 
Dr. Herliert D. Adams, 005 Commonwealth Ave., Boston, Moss. 

Dr. Howard Thomas Barkley, 1215 Walker Ave, ITouston, Texas 

Dr. Joseph Gordon, N. V., Stnfo Tuberculosis Hospital, Bay Brook, N. Y. 

Dr. Archibald J. Grace, 455 Waterloo St, London, Ontario, Canada 
Dr. John Benson Grow, FItzsimons General Hospital, Denver, Colo. 

Dr. Cranston William Holman, 65 East 66th St, Hew York, N. Y. 

Dr. Julian Jolmson, 3400 Spruce St, Philadelphia, Pn. 

Dr. Hiram Thomas Langston, 240 East Delaware PI, Chicago, Ill. 

Dr. Robert Carlisle Major, 3S4 Penahtreo St, N.E, Atlanta, Go. 

Dr. Ross Rol>ertson, Muskokn Hospital, Gravenhurst, Ontario, Canada 
Dr. Dudley E. Ross, 974 Dunsmair ltd. Town of Mount Royal, P. Q, Canada 
Dr. Otto C. Bmntignn, 104 W. Madison St, Baltimore, Md. 

Dr. Dwight E. Hnrkefl, 171 Bay Stato Road, Boston, Mass. 

Dr. Pnul Y. O’Rourke, 307 David Whitney Bldg, Detroit, Mich. 

Dr. J. Ross Veal, Gnllingcr Municipal Hospital, Washington, D. C. 

Dr. David n. Watormnn, 007 Medical Arts Building, Knoxville, Tenn. . 


The by-laws were amended to deleto Sections 4 and 10 of Article VII, thus 
making it unnecessary for sonior members to pay dues. 

The deaths of six members had occurred since tho last meeting in 1041. Tlioy 


Warren G. Breidenbach 
Herman riselier 
Lincoln Fisher 


Maurice Borck 
William Branowor 
IL Kennon Dunham 


209 
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Dr. Richmond L. Moore was appointed chairman of the Rose Lampert Graff 
Prize Committee, to succeed Dr. Prank Berry, now overseas. 

The following men were elected to hold office until after the next meeting: 

President, Dr. Claude S. Beck, Cleveland, Ohio 

Vice-President, Dr. I. A. Bigger, Richmond, Va. 

Secretary, Dr. R. H. Meade, Jr., Memphis, Tenn. 

Treasurer, Dr. William E. Adams, Chicago, El. 

Editor, Dr. Evarts A. Graham, St. Louis, Mo. 

The following members were elected to the council: Dr. Frank S. Dolley to 
succeed Dr. Frazier Gurd as the retiring president for the one-year term of office, 
and Dr. Alfred Blalock to succeed Dr. Frank S. Dolley for the four-year term. 

The time and place of the next meeting is to be decided by the new officers and 
council. 




But wo are. 

For each of us here at home, the job 
now is to buy extra Bonds—100, 200, 
even 500 dollars worth if possible. 

Many of us can do much more than 
we ever have before. 

When the Victory Volunteer comes 


to you and asks you to buy extra Bonds, 
think how much you'd give to have 
this War over and done. 

Then remember that you’re not giv¬ 
ing anything. You're simply lending 
money—putting it in the best invest- 
ment in the world. 



Let’s Go... for the Knockout Blow! 

The C. V. MOSBY COMPANY, Medical Publishers—St. Louis 3, Mo. 
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Nurses Are Needed Now! 



FOR SERVICE IN THE 

ARMY NURSE CORPS 

;!*•YOtJAREA BrCISTXHED mmSE AND NOT YET 45 TEAS* or ACE 
APPLY TO TRE SUBCEON GENERAL, UNITED STATES ARMY, 
WASHINGTON 25, D. C„ Oil TO ANY BED CROSS PROCUREMENT OITICE 
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ADJUVANTS WORTH CONSIDERING 


Mayer—Radiation and Climatic Therapy 
of Chronic Pulmonary Diseases 

Edited by Bduar Mayer, M.D., F.A.C.P., F.A.C.C.P. Assistant Professor of 
Clinical Medicine, Cornel! University Medical College; Attending Physician, 
Mew York and Memorial Hospitals. Special Pulmonary Consultant, New 
York Department of Labor. First edition, 1044, 400 pages, 46 illustrations, 
$5.00. J 


Thoracic surgeons, internists, general practitioners, chest specialists, radiol¬ 
ogists, physiotherapists and nil concerned with the treatment ot chronic pul¬ 
monary diseases mid all forms of tuberculosis will highly appreciate this vory 
practical volume. To his own wide and varied knowledge and experience Dr. 
Mayer has been able to add that of twenty-two other very able contributors, 
so that the field is well covered from all angles and thorougldy up-to-dnte as 
to the therapeutic potency of the methods described for the conditions indicated. 
The five divisions of the booh are as follows: Light Therapy—Artificial Light 
Therapy—Solar Radiation and Ollmatotherapy—X-Ray Thompy—Burgical vb. 
Conservative Therapy. The twenty-two contributors to this concise useful 
guide include besides the editor: 


Louis B. Baldwin (Phoenix) 

Irvin I. Balenswoig (Cornell) 
Alfred L. Brlskman (Colorado) 
William Chang (New York) 
Anthony 0. Clpollaro (Columbia) 
William W. Coblents (Wash. D. C.) 
Lloyd F. Craver (Cornell) 

Martin Dworkin (New York) 

Earl 0. Elkins (Mayo Clinic) 

John N. Hayes (Gabriels) 

Ira L Kaplan (Bellevue) 


H. Haig Kasabach (Columbia) 
Eugene Kisch (New York) 

Frank H. Kruson (Mayo Clinic) 
Henry Laurens (Tulnne) 

Maurice Lens (Columbia) 

Horace LoGrasso (Perrysburg) 
Harriet 0. McIntosh (New York) 
Clarence A. Mills (Cincinnati) 

LeRoy S. Peters (Former Div. N.T.A.) 
Homer L. Sampson (Trudeau) 

Stanley L. Wang (New York) 


The Williams & Wilkins Company 

Publishers of Wm. Wood Books, Baltimore 2, Md. 

Bead Mayer—RADIATION AND CLIMATIC THERAPY, #5.00, on nppromL 
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Make Your Surgical Patient 

SAFE fur Operation 


Surgery means more than cutting tissue or tying blood vessels. 
The modem concept of Bnrgery is safety for your patient— 
^ the prevention of shock and the proper treatment of shock if 
it should develop. It means a proper understanding of periph- 
>* eral circulation, water balance, the oxygen supply to the 

s tissues. It means a proper understanding of chemistry of the 

J body fluids and of how to maintain the proper electrolyte 
^ balance in the body fluids. 

As a competent surgeon’.you must have a thorough knowledge 
■ of these principles. Blalock’s ‘/PRINCIPLES OF SURGI¬ 
CAL CARE: SHOCK AND OTHER PROBLEMS” gives you this 
knowledge clearly, simply and completely. The work of a pioneer in 
surgery, it covers not only shock but also Buch related problems as 
dehydration, hypoproteinemia, avitaminosis, anoxia, pulmonary com¬ 
plications and intestinal distention. 


PRINCIPLES of SURGICAL CARE 
SHOCK AND OTHER PROBLEMS 

by ALFRED BLALOCK, M.D„ Professor of Surgery. Johns Hopkins 
University. 308 pages, 13 illustrations. PRICE, $4.G0. 


Contents 

Introduction; Anesthesia and Anesthetic 
Agents: Surgical Technique and the Treat¬ 
ment of Wounds; Disorders of the Circula¬ 
tory System: Heart Diseases; Disorders of 
the Circulatory System: Thrombosis and 
Embolism: Disorders of the Circulatory 
System: Shock or Peripheral Circulatory 
Failure; Metabolic and Nutritional Disturb¬ 
ances: Fluid and Electrolyte Disorders; 
Metabolic and Nutritional Disturbances: 
Acid-base Disorders; Metabolic and Nutri¬ 
tional Disturbances; Nutritional Disorders 
of Surgical Patients; Metabolic and Nutri¬ 
tional Disturbances: The Management of 
the Surgical Patient with Diabetes; Meta¬ 
bolic and Nutritional Disturbances: Hyper¬ 
tension and Nephritis In Surgical Patients; 
Metabolic and Nutritional Disturbances: 
Endocrine Disorders; Postoperative Pul¬ 
monary Complications; Abdominal Com¬ 
plications ; Other Complications. 


Reviews 


"It emphasizes'that operation is only part 
of the treatment of surgical patients. The 
author has presented well correlated and 
■well digested material. The hook Is an 
enlightening report of the care a modern 
surgeon can offer along with his skillful 
technic and judgment at the operating 
table." JOURNAL OF THE A. M. A. 

“Here Is a book which should not only be 
in the library of every physician and sur¬ 
geon, but Its contents should become as 
much a part of them as their knowledge 
of Gray’s Anatomy and Osier’s Medicine." 
ANNALS OF SURGERY. 

"There Is probably no one so well equipped 
to write a monograph on shock as Is Bla¬ 
lock, and he has lived up to expectations 
In presenting a book which every student 
and eve ry p ractitioner of medicine should 
have.” SURGERY. 


THE 0. V. MOSBY COMPANY MJ 

3523 Pine Bird., St. Louis 3, Mo. 

Gentlemen: Send me Blalock's "PRINCIPLES OF SURGICAL CARE: SHOCK AND 
OTHER PROBLEMS,’’ price, $4.60. _Attached Is my check.-Charge my account. 
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hef these yuys 
start it/ 


There's a day coming when the enemy 
will be licked, beaten, whipped to a fare- 
thee-well—-every last vestige of fight 
knocked out of him. 

And there’s a day coming when every 
mother’s son of us will want to stand up 
and yell, to cheer ourselves hoarse over 
the greatest victory in history. 

Bui let's not start the cheering yet. 

In fact, let’s not start it at all-over here. 
Let’s leave it to the fellows who are doing 
the job—the only fellows who will know 
when it’s done—to begin the celebrating. 

Our leaders have told us, over and over 
again, that the smashing of the Axis will be 
a slow job, a dangerous job, a bloody job. 


And they’ve told us what our own com¬ 
mon cense confirms: that, if we at home 
start throwing our hats In the air and eas¬ 
ing up before the job's completely done, it 
will be slower, more dangerous, bloodier. 

Right now, it’s still up to us to buy War 
Bonds—and to keep on buying War Bonds 
until this war is completely won. That 
doesn’t mean victory over the Nazis alone. 
It means bringing the Japs to their knees, 
too. 

Let's keep bearing down till we get 
the news of final victory from the only 
place such news can come: the battle-line. 

If we do that, we’ll have the right to join 
the cheering when the time comes. 


/(eefi hach/n<? 'em up with War Bonds 


The C. V. MOSBY COMPANY —Medical Publishers—St. Louis 3, Mo. 
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basal systolic murmur without transmission was heard. Clubbing of 
the fingers began at the age of 9 years and progressively increased until 
16, then remained stationary. She was restricted until that time, but 
was subsequently quite active without symptoms. One and one-half 
years before coming to us she was examined by an internist, and for 
the first time, an intrathoracic mass was seen by roentgenogram. On 
a presumptive diagnosis of tumor a course of radiation therapy was 
given, but it affected neither the mass nor the cyanosis. At that time 
polycythemia was noted and thought to be primary. The red blood 
cell count ha.d ranged between 6.5 and 7.5 millions, with a hemoglobin 
of 130 per cent, for the last one and one-half years. There had been 
no abnormal white cells and there was no response to venesection done 
some time ago. She had been working steadily'as a. stenographer and 
leading a normal life. 

Physical Examination .—The patient was well developed and nour¬ 
ished, of a. slender build. She looked well and was a veiy handsome 
young woman. The hair, skin, and eyes were normal. The conjunc- 
tivae and mucous membranes were intensely cyanotic. The carotid 
pulsations were forceful and the jugular veins were not distended. 
The thorax was average in size and symmetrical. The heart was nor¬ 
mal in size, with a moderate apex impulse and no thrill. There was 
slight sinus arrhythmia at a rate of 96 per minute. The sounds were 
normal with no accentuation of P 2 . Murmurs were not heard. The 
lungs were clear. Over the right breast and just beneath it there was 
a moderately loud, rough, roaring murmur, probably continuous, of 
maximal intensity at the end of systole and the beginning of diastole. 
It was loudest at the end of inspiration and almost disappeared on 
expiration. There was no thrill. The pulses were normal. The blood 
pressure in the right aim was 112/94, in the left arm 110/92. The 
abdomen was negative. There was marked clubbing of the fingers 
and toes. 

Fluoroscopy .—The right liilum was increased in density and a pul¬ 
sating vessel radiated from the right upper liilum to a round mass (8 
or 10 cm. diameter) just above the right diaphragm anteriorly. 

Electrocardiogram showed a tendency to right axis deviation. 

Urinalysis, blood Wasscrmann and Kahn tests were negative, and 
there was no sputum. 

Hematology (as reported by Dr. Madeleine Fallon).—Hemoglobin 
130 per cent; red cell count, 7,080,000; white cell count, 7,350. Dif¬ 
ferential: Neutrophiles, 63 per cent, lymphocytes, 25 per cent; mono¬ 
cytes, 12 per cent. Platelets were normal. The normal leucocyte 
count, the normal number of platelets, and the absence of changes in 
the blood, such as basophilic stippling and immaturity in the white 
cells, indicated that this was a secondary and symptomatic poly¬ 
cythemia. 
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A provisional diagnosis of arteriovenous 0061117 ™! of the right lnng 
was mado on the history of cyanosis since birth, the persistent sec¬ 
ondary or symptomatic polycythomia, the presence of a continuous 
murmur over the tumor mass in the right lung,-clubbing of the fingers, 
and a normal heart. She was advised to return for hospitalization 
and further study. 

April 8, 1943, she was admitted to the Hospital of the Good Samar¬ 
itan and further roentgen studies were made. Roentgenograms and 
planigrams were interpreted by Dr. Richard Taylor (Figs. 1, 2 A, 2 B, 
2 C, 2D, and 22?). A series of body section radiographs was made from 
3 to 16 cm. through the right lung. These demonstrate that the ves¬ 
sels to the right upper and to at least part of the right lower lobe were 
separate from those entering the largo abnormal masses noted in the 
plain radiographs made elsewhere (Fig. 1). Theso masses appeared 
to be vascular in character and there was some indication that they 
were comprised largely of dilated branches of the pulmonary artery 
going to the right middle lobe. In the more anterior radiogrnplis, a 
calcification made its appearance in the rounded lower mass. The mass 
appeared to be separate from the diaphragm. Fluoroscopicallv, the 
whole thing seemed to pulsate. Roentgenograms of the fingers re¬ 
vealed no bony changes. Fearing the dangers of thrombosis in pa¬ 
tients with polycythemia wo did not inject diodrast intranvenously. 

Further studies revealed the venous pressure to be C, gjn. of water. 
The plasma volume was normal but the whole blood volume was 170 
per cent of normal. 

Because the continuous murmur over the mass was greatly increased 
on full inspiration and almost disappeared on full expiration, it ap¬ 
peared that it might lie of some clinical value to institute a right 
pneumothorax in an attempt to collapse the arteriovenous communica¬ 
tion and maintain it for several months with tho expectation that there 
might be some change in tho cyanosis, polycythemia, and blood volume. 
Pneumothorax was begun April 12, 1943, (Figs. 3 and 4) and the 
patient was discharged home one week later to continue with pneumo¬ 
thorax under the care of her physician. 

Sept 18, 1943, sh*e returned to the hospital after five months of 
pneumothorax therapy. Bccauso of dyspnea and mediastinal herniation 
it had been impossible to produce sufficient intrapleural pressure to 
collapse the fistula completely. There was no change in tho blood 
counts, blood volumo, or cyanosis. It wns of interest that she had 
noted transverse ridges on the fingernails and toenails which had ap¬ 
peared coincident with each pneumothorax refill. It appeared clear 
that an arteriovenous flstuln of the right lung wns present and that, 
despite failure o'f the mass to collapse completely, surgery wns indicated. 

Operation, September 20, 19iS (J. C. J.).— Under cyclopropane 
anesthesia by Dr. Lawrence Lee, a curved inframnmmnry incision was 
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Fig. 1.—Anteroposterior roentgenogram revealing a multllobulatcd tumor extending 

downward from the right hllum. 



Fig. 2A. 


Figs. 2A, 2 B, 2 a, 2D, 2 E .—Planlgrams at 9. 10, 12, 13, and 15 cm. levels, re¬ 
spectively, demonstrate a multllobulated tumor mass extending from branches of the 
right pulmonary' artery. The more anterior radiographs (D and E) reveal an Ir¬ 
regular calcific deposit in the lower rounded mass. 
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Fig. 2D. 
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Fig. 3. 

Fig*. 3 and 4. —Pogterohnterlor and oblique roontgenoTraina after e»tabliiblnc 
right pneumothorax accentuate the lower tumor ma*a in the antorlor poaltlon with 
apparent disappearance or collapao of other portions of the mass. 
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made extending from the third intercostal space anteriorly, under the 
right breast and upward and laterally to the. third rib in the midaxilla. 
The pectoral muscles and breast were reflected upward and the pleural 
cavity opened by incising through t]ie third intercostal muscles and 
pleura from the cartilages anteriorly to the posterior axillary line. Rib 
spreaders were placed and the ribs spread widely without resection or 
fracture. The right lung was 60 per cent collapsed by pre-existing 
pneumothorax. There was no semblance of a middle lobe and no adhe¬ 
sions. Over the lower half of the anterior surface of the upper lobe 
was a large number of blue distended varicosities. Attached to and 
suspended from the anterior and inferior aspects of the upper lobe 
(roughly corresponding to where the middle lobe should normally be 
located) a structure much the same as a distended gall bladder would 
hang from the liver, a reddish-blue pulsating mass the size of a lemon 
with a paper-thin wall, was seen to rest freely on the diaphragm. 
The right lower lobe appeared normal. What appeared to be the 
right pulmonary artery was large and dilated (3.5 cm. diameter). 
No superior pulmonary vein was seen, either at operation or in the 
specimen afterward. The inferior pulmonary vein was normal. Linen 
tapes were passed around the pulmonary artery and the inferior pul¬ 
monary vein. When the pulmonary artery was occluded by the tape, 
the pulsation in the tumor mass in the right upper lobe ceased, but there 
was no great change in its size. On occluding the inferior pulmonary 
vein the pulsation in the mass continued, the mass became larger and 
more distended, and the superficial varicosities over the surface of the 
upper lobe likewise became more prominent: It was obvious then, that 
the tumor mass had a direct communication from the pulmonary artery 
to the pulmonary vein and that since the inferior pulmonary vein 
emptied this vascular sac it was necessary to sacrifice the entire right 
lung. A light total pneumonectomy was done by dissection and indi¬ 
vidual ligation; first, the pulmonary artery was cut between transfixion 
sutures, then the inferior pulmonary vein likewise dealt with; finally 
the lung was amputated distal to a clamp applied to the right main 
bronchus. The right main bronchus was closed with eight over-end 
single stainless steel, 35 gauge wire sutures tied after the clamp was 
removed. The mediastinal pleura was closed after thorough irrigation 
of the stump and the pleural cavity with saline solution and after 
5 Gm. of sulfanilamide crystals were sprinkled over the bronchial 
stump. The ribs were brought together with perieostal sutures and 
the chest wall ivas closed in layers without drainage. No blood trans¬ 
fusion was given because of the polycythemia, but a slow venoclysis 
of physiologic saline (1,000 c.c.) was administered during the surgery. 
She left the operation table in excellent condition. 

Postoperative Course .—It was amazing to see the disappearance of 
the cyanosis in a matter of a few hours. She was given oxygen by 
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Table I 


BATE 

HB. (%) 

R.B.C. 

TY.B.a 

3/15/43 

130 

7.08 

7,350 

9 / 19/43 

130 

7.11 

5,700 

9/20/43 

104 

5.00 

(P3f. of sure.) 

9 / 22/43 

S 5 

5.20 

f 2nd P.O. (fay) 

9 / 24/43 

73 

4.10 

( 4th P.O. dnv) 

10/ 8/43 

80 

5.30 

(18th P.O. dar) 

1/10/44 

SO 

4.04 

0/150 


nasal catheter for four days (routine procedure) although at no time 
iraa she cymmtic or drspneie. She had a normal temperature on the 
fourth day and it remained so except for a mild gastrointestinal upset 
on the fourteenth postoperative dny with nansea, vomiting, and diar¬ 
rhea. This responded promptly to the usual measures and intravenous 
fluid. The wound healed per primam. She was ambulatory on the 
twenty-first day and was discharged home on the twenty-eighth post¬ 
operative day. Table I shows the progress of the blood picture before 
and. nfter surgery. 



Fir. 5.—Roentgenogram of specimen fright lung) aftor Injection of opaque solu¬ 
tion Into the inferior pulmonary vein. TTie oneury*mfU sac filled promptly an did 
the branches of the pulmonary nrtnry demonstrating the fistulous communication. 

Pathologic Pejmrt .—The si>ecimen (Figs. 5, 6, and 7) was the right 
lung which had been amputated just above the upper lobe bronchus. 
There were two lobes, an upper and lower, with a distinct fissure. 
There was no middle lobe. The lower lobe appeared normal. The 
inferior pulmonary vein was of normal caliber. The right upper lobe 
had many blue, thln-wallcd varicosities over its anterior surface and 
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there appeared to be a very thin-walled sac filled with dark blood 
projecting from the lower aspect of the upper lobe at the site corre¬ 
sponding to where the middle lobe should be. This sac was 7 by 7 by 8 
cm. and appeared to be an extension downward of the pulmonary 
artery. On the anterior inferior aspect of the sac there was a calci¬ 
fied plaque 2 by 2 cm. There were also two small calcific deposits in 
the lingula of the right upper lobe just above the sac. The pulmonary 
artery at its opening just above the upper lobe bronchus was 4 cm. in 
diameter. It was found to be widely dilated and it extended down¬ 
ward to the lower tip of the upper lobe, the diameter of this vessel 



Fig. 6.—Photograph of mediastinal aspect of right lung. The pulmonary artery 
(P.A.) empties into a large, thin-walled sac which In turn communicates with another 
sac on the lateral aspect (see Fig. 7) through an S mm. fistulous opening through 
which an applicator stick has been passed. The inferior pulmonary vein (/.V.) is 
seen just below the main bronchus (Br.). 

being 3 cm. at its upper extremity and 2 cm. at its lower extremity 
and finally ending in a bulbous tip 3 cm. in diameter where there was 
an opening 8 mm. in diameter which extended downward terminating 
in the large sac previously described. When the large, globular sac 
was opened it was found to be full of unclotted blood and extended 
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up in the lung parenchyma to a level of about the upper lobe bronchus 
and there ended blindly. In the larger, more anteromcsially located 
sac which was seen to extend up in the lung parenchyma, there were 
multiple valvelike openings, some of which seemed to end in blind sacs; 
others communicated with the superficial varicosities, and others ap¬ 
parently communicated with the branches of the inferior pulmonary 
vein.- No superior pulmonary vein was found in the specimen. The 
inferior pulmonary vein when injected with barium was found to 
communicate with the sac, for the barium passed back up through the 
branches of the vein and finally ended in the large aneurysmal sac. 



Kir. 7 .—photograph of lateral c*pect of ■pedmen ihowlnr stick pawing from 
maalal Inferior no to another lateral *ac in which are ae«n multiple *mall openings 
through which It prcaumably emptied Itself. 

One got the impression that in this specimen there was a large dis¬ 
tended and dilated pulmonary artery which communicated at its in¬ 
ferior extremity with another, more anteriorly located, thin-walled 
aneurysmal sac which appeared to end blindly in about the mid-upper 
lobo but which drained through and emptied back into the lung 
parenchyma through multiple openings and eventually emptied into 
the inferior pulmonary vein. Diagnosis was arteriovenous fistula of 
the lung. 
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Fig. 8.—Photograph of patient four months after operation. The inframammary 
scar is concealed by the right breast and there is some retraction of the right thorax; 
otherwise there is no deformity. 



yig. 9.—Photograph of hands four months after operation reveals the clubbing had 
receded about 50 per cent or more. 
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Jan. 10, 1044, almost four montlis after operation, the patient re¬ 
turned to the office for checkup, Siie reported that she was well, 
leading an active life, dancing, and was free of breathlessness. At the 
end of an active day sometimes sho felt a “tiredness” in the right 
shoulder. Cyanosis had not been evident and she hod noted a marked 
recession of the clubbing of the fingers nnd toes. Sho looked perfectly 
wclL (Seo Fig. 8.) Cyanosis nnd dyspnea were absent. The con- 
junctivne were of normal color. There wns no jugular distention. 
The heart sounds were normal nnd no murmurs were heard. The right 
upper anterior chest wns depressed; the right chest showed no respira¬ 
tory movement, wns flat to percussion, nnd the breath sounds were 
absent. Tho blood pressure was 110/70. The liver and spleen were 
not felt. Edema was absent. Clubbing, while present, wns definitely 
less in degree (Fig. 9). 



FJc. 10.—Roentgenogram of cheat almost four month* after operation ahowing thick¬ 
ened pleura -with «lr above a fluid level at the flrat interspace. 

Fluoroscopy showed a small, vortical vigorously pulsating heart, 
without conus fullness. The right chest wns almost filled with fluid 
nbovo which there was nir, noth level which was easily movable (Fig. 
10 ). 

In March, 1944, the patient was married. 

DISCUSSION 

As pointed out by ftoldnwn* all the reported cases present clinical 
features and a symptom complex so similar that it is possible to 


370 


The journal of thoracic surgery 


describe a clinical syndrome which is unmistakably an arteriovenous 
shunt in the lung. Clubbing of the fingers and toes is always present. . 
Polycythemia is a constant finding, its degree being in direct propor¬ 
tion to the size of the fistula. This is a secondary or symptomatic 
increase in red blood cells, with no increase in blood plasma, white blood 
cells, or platelets, and the blood volume may be increased to as much 
as 170 per cent, as in our case. It is distinguished also from tine 
polycythemia by the absence of changes in the blood such as basophilic 
stippling and immaturity of the white blood cells. The oxygen im- 
saturation of the arterial blood is another constant finding. Goldman, 4 
Hepburn and Dauphinee’s 3 patients had an arterial oxygen saturation 
of 70 per cent. This test was not available in our case. The lack of any 
cardiac hypertrophy or pathology is due to the fact that the lesion is 
confined to the pulmonary circulation; this is an outstanding clinical 
feature. The presence over the tumor of a continuous murmur which is 
loudest at the end of systole and the beginning of diastole, and louder at 
the end of deep inspiration is of great aid in the diagnosis. Finally, of 
diagnostic importance is the finding of a chronic, nonprogressive 
pulmonary lesion which on ordinary roentgenograms appears as a 
solid mass, but which by planigrams is seen to be a branching mass 
and connected to the pulmonic arterial tree. The symptoms of head¬ 
ache, faintness, thickness of speech, ease of fatigue, and dyspnea on 
exertion, referred to by Goldman as common, were absent in our case. 

Rationale for Surgery .—The question may reasonably be asked why 
surgery should be performed or advised in a young patient with 
arteriovenous fistula in the pulmonary circulation when the lesion has 
imposed no incapacitation as in our case. The fact that rupture of 
the fistula led to sudden death in Rodes’ case has its counterpart in 
the extreme thinness of the sac in our case. Trauma to the chest would 
surely have been poorly withstood. Thromboses secondary to the 
polycythemia present a hazard. Bacterial infection of the fistula similar 
to that seen in such fistulas in the systemic circulation, although not 
reported to our knowledge, are probably possible. 

Ideally, one would hope to be able to remove the fistula without dis¬ 
turbing the lung. Failing this, one would hope to sacrifice not more 
than a single lobe. In our case a total pneumonectomy was imperative 
because there was absence of the superior pulmonary vein and the 
upper lobe arteriovenous aneurysm was emptied through the inferior 
pulmonary vein. Experience with this case leads ms to believe removal 
of the fistula without sacrificing at least, one lobe is only occasionally 
to be accomplished. 

SUMMARY 

1. Arteriovenous fistula of lung produces a syndrome characterized 
by cyanosis, clubbing of fingers and toes, symptomatic polycythemia, 



JONES AND THOMPSON: ARTERIOVENOUS FISTULA OF LUNO 371 

and symptoms of anoxemia, usually in a young patient with an obscure 
lung tumor and a normal heart. A continuous murmur may be heard 
over the tumor. 

2. The treatment is resection of the fistula or pulmonary resection, 
either of the lobe or the entire lung. 

8. The case of a patient with arteriovenous fistula of the right lung 
cured by pneumonectomy is reported in detail. 
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DISCUSSION 

DR. WILLIAM E. ADAMS, Chicago, HI.—I enjoyed very much hearing this ex¬ 
cellent presentation of Dr. Jones' case. The increasing number of reports of this 
condition speaks for its greater frequency thnn has been believed in the past. 

In all probability a numbor of fistulas of the lung have gone undiagnosed and 
the patients havo been treated for polycythemia vera. I would like to present the 
slides of a case which first came to our attention about one year ago. 

(Slide 1.) The patient was a 24-year-old man who came for treatment of re¬ 
peated attacks of eplstuxis. He gave the history of having had einbbing of the 
finger* and toes and marked cyanosis for a period of about sixteen years or when 
he was abont 8 years of age. He had worked on a farm until about one year be¬ 
fore his admission and had not been really incapacitated by the leaion. He lost 
little weight, although he was relatively thin. 

The other symptoms which he presented were few ontside of having those 
changes which can be seen on his bps, hemangioma on both Ups. The clubbing 
and cyanosis were ns marked on the toes as on the finger*. 

(Slide 2.) On examination, little could be found other than what was seen in. 
the first picture. There was, as £n Dr. Jones' case, no evidence of a thrill or mur¬ 
mur over the area in which the irregular opacity in the left lung mid-field can be 
seen. It is Impossible to see also a very small opacity whieh was present In the 
right long field. This picture is one taken on admission and is similar to the first 
which was made two years before admission. There were very marked changes in 
the long and long bones of the arms and legs; marked sclerosis nnd periosteal new 
bone formation. This was evident oven down in the motatarnus and phalanges of 
the feet. 

(Slide 3.) On examination of the blood, as in Dr. Jones' case nnd all these cases, 
there was a marked increase in the hemoglobin nnd ccllnlar content. You see here 
the blood volume i» practically double, all of the increase being the cellular content. 
The hemoglobin wa* 23 Gm. and’the red cell count 7,200,000. 

(Slide 4.) The oxygen studies, as you notice, were very interesting. Although 
this man was markedly cyanotic he had 25.1 volumes p£r cent of oxygen in the 
arterial blood with a capacity of 36.6 volumes per cent. In other words, there was 
an enormous compensatory change. The diagnosis of the condition was made by 
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my associate, Dr. Thornton, on the basis of the marked clnbbing, cyanosis, the x-ray 
shadow, and no evidence of cardiac disease. 

A left pneumonectomy was done, and at the time no attempt was made to re¬ 
place the blood loss which was about 2,000 c.c. Instead, it was replaced by plasma 
for we didn't know how much ill effect there would be by the sudden reduction in 
the blood volume. I won’t go into all the details, but following operation there 
was an immediate fall in red cell count and hemoglobin content, and a restoration 
of the oxygen values to approximately normal. The patient made an uneventful 
recovery and has been working since. This operation was made one year ago last 
February. 

DR. ROBERT M. JANES, Toronto, Canada.—Actually we have had only three 
cnses. The first case (operation by Dr. Shenstone) was similar in every way to 
the case that Dr. Jones has reported except that there were ,such great leashes of 
vessels about the liilum that a pneumonectomy by the tourniquet technique was> 
necessary. A brief attempt at dissection made it obvious that if this method were 
followed the result would be a fatal hemorrhage. Fortunately, healing by primary 
union occurred and no bronchial fistula developed. The patient has since had two 
children. 

The third patient had a single lesion in the middle lobe nnd was treated success¬ 
fully by a dissection lobectomy. It is the second case that I thought might be 
interesting to you, particularly as the pages of the British Journal of Surgery, in 
which it was reported recently, may not be accessible to many of our members. 
This patient was a young man 30 years of age, who had been well except that he 
had always been somewhat lacking in energy. Two years before I saw him, while 
in the reserve Army, he ran across the camp and suddenly coughed up a consider¬ 
able quantity of blood. This was repeated twice in the succeeding weeks and he was 
discharged. The x-ray picture was said to be normal. There were no further . 
symptoms until three weeks before I saw liim, when after moderate exertion he 
again had a very severe hemoptysis (slide 1). The roentgenograms at that time 
were as you see. There was a large lesion in the right lung nnd one small one. 
There were two small lesions in the left lung. This case was an exact duplicate 
of Rodes’ even to the presence of multiple small submucous hemangiomas on the 
lips. There were no blood changes. Oxygen saturation studies were, unfortunately, 
not done because of wartime shortages of staff. The right side was operated upon 
first. Upon opening the chest the diagnosis became obvious. Since the lesions 
were bilateral the problem presented was different. 

It was decided to attempt local resections. The large lesion was about the 
size of a hen’s egg. The vessels entering it, each about 4 or 5 mm. in diameter, 
were individually isolated and ligated. It was then easy to remove the tumor with¬ 
out bleeding. The smaller one was removed by simply placing clamps on either 
side of it and excising the tissue between them. The defects in the lung were 
oversewn. The patient recovered satisfactorily. Six montlis later the left chest 
was opened and local resections of the two lesions in the lower lobe carried out. 
He again made a good recovery nnd has remained well. 

I should like to point out that the polycythemic changes may occur late in these 
patients. In our first patient we know that these changes were not present only 
a little more than one year before she was operated upon even though her symp¬ 
toms dated back to when she was 12 years of age. Neither of the other patients 
had polycythemia. Since there is danger from hemorrhage the development of this 
condition should not be awaited. 

I would suggest that we keep hemangiomas in mind ns a possible explanation 
of serious pulmonary bleeding not otherwise explicable. I have operated upon 
one other patient for recurring massive hemorrhage from an upper lobe that was 
certainly going to prove fatal. The pathologists failed to discover the source of 
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bleeding. I am now convinced that they overlooked one of these lesions. I hqve 
recently seen a section of a hemangioma of a long’ accidentally discovered in rou¬ 
tine autopsy. Hod the block for section not included it by mere chance, its presence 
would not have been suspected. 

DR. I. A. BIGGER, Rtalunond, Va.—I would liko to raise a question, but am 
not certain as to the advisability of the procedure I linve in mind. It seems to me 
that in some of these cases ligation of the brnneh of the pulmonary artery to that 
lobe should be considered. I am, of course, fully aware of the inadvisability of 
ligation of the artery alone in arteriovenous fistulas involving peripheral vessels, 
but I believe tills is a different problem. While there are communications between 
the bronclual arteries and the pulmonary veins, there ore few collateral arterial 
channels, so proximal occlusion of the artery might cure the fistula. 

DR. JOHN 0. JONES, Los Angeles, Calif.—In answer to Dr. Digger's question, 
this was a hugely dilated, thin pulmonary artery, and after we passed a tape 
around it, it seemed ns though the tumor mass did not diminish in sizo after the 
tape was drawn taut in ordor to close off the blood supply passing through the pul¬ 
monary artery. I did not feel justified in trying to dissect out the branches of the 
pulmonary artery because the brandies seemed almost as large or larger than the 
normal site of the average pulmonary artery. Tho fact that there was no superior 
pulmonary vein to be found and that the inferior pulmonary vein appeared to carry 
all the blood bock to the loft heart was oven more important. These two con¬ 
siderations led me to believe that it would be bettor not to attempt local resection 
ami porhaps get a hemorrhage which could be controlled easily, I grant you, because 
I had a tape oround the artery trt its origin. I feel satisfied in niv own mind that 
I would rather sacrifice the lung than attempt to dissect out any of the branches 
or even to leave the lung in and ligate the pulmonary artery. 



INDICATIONS FOE PEBICAEDIOTOMY WITH SPECIAL 
REFERENCE TO THE EXPOSURE OF AN INFECTED 
PATENT DUCTUS 

Harold Neuhof, M.D. 

New York, N. Y. 

I NJURIES of the heart and hemoperieardfum, suppurative and con¬ 
strictive pericarditis, foreign bodies, and neoplasms comprise the 
roster of conditions for which pericardiotomy with or without drain¬ 
age may be indicated. They can be termed the standard indications 
for the operation. It can be assumed that pericardiotomy has been 
employed for a variety of other purposes which are not referred to in 
the literature. Since pericardiotomy is to be regarded as safe and free 
from untoward sequelae the possible usefulness of the operation for 
conditions other than the standard ones is worthy of consideration. I 
shall describe such conditions encountered in my own experience and 
hope that others will join in broadening the indications for the pro¬ 
cedure. In all the conditions which will be described, with the excep¬ 
tion of the patent ductus, pericardiotomy was at least begun as an 
exploratory procedure. The description of each of the conditions will 
be accompanied by an illustrative ease report. 

1. 1 Exploration Within Pericardial Sac of Hilar-mediastinal Lymph 
Nodes .—In a number of instances of carcinoma of the lung there was 
considerable doubt at exploratory thoracotomy as to the extent of hilar 
node involvement. This was particularly the case when the lung was 
broadly adherent posteriorly or when the tumor in the lung abutted 
on the posterior mediastinum. In either instance considerable dissec¬ 
tion would be required to ascertain the presence and extent of lymph 
node involvement; this would be unnecessary if the lesion were inoper¬ 
able. Pericardiotomy and exploration within the sac supplied the re¬ 
quired information. 

CASE REPORT 

H. N., a man 60 years old, not a good operative risk, had a history 
chiefly of pulmonary infection and positive biopsy from the bronchus 
of the left lower lobe. Exploration was done through a liberal trans¬ 
thoracic incision. Both lobes, especially the lower, were broadly ad¬ 
herent posteriorly. There was a substantial mass in the superior por¬ 
tion of the lower lobe which appeared to be partly neoplasm and partly 
inflammatory and was adherent to the parietes behind the hilus. In¬ 
spection in front of the hilus revealed several small lymph nodes which 
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were removed for biopsy. One -was positive. Informative palpation 
of the posterior aspect of the hihis was not possible. The pericardium 
was incised freely and palpation within it revealed a series of obviously 
involved nodes at the hilus and in the mediastinum, rendering the 
lesion inoperable. The pericardium was not sutured, but would have 
been sutured if the lesion had been operable. The thoracic wound was 
closed. The past operative course was uneventful. 

2. Decompression of Serous Pericardial Effusion. Exploration .— 
Upon a number of occasions obvious accumulations of fluid within tho 
pericardial sac arc to be noted at thoracic operations performed for a 
variety of conditions. AVhotlier or not they play any part in tho pre¬ 
senting clinical picture usually does not come into question. However, 
in the following case pericardiotomy was performed because the ac¬ 
cumulation of fluid apparently produced somo measure of cardiac 
tamponade. 

CASE REPORT 

J. II., Jr., 24 years old, suffered from thoracic pain in the left side 
and unproductive cough for a year. Because of a clear left plenral 
effusion he was said to have been discharged from Militnry Service 
with the diagnosis of tuberculosis. A recent complaint was dyspnea 
and asthenia of three weeks’ duration. Bronchoscopy revealed a 
stenosing lesion of the left upper lobe; biopsy suggested a malignant 
tumor. An exploratory left thoracotomy was performed. Soon after 
the chest was opened the blood pressure began to fall, the pulse to be¬ 
come small and rapid. An infiltrating tumor of the upper lobe inti¬ 
mately attached to or invading pericardium was noted. There were 
no involved anterior hilar nodes. The pericardium was tense and 
cardiac pulsations could scarcely be discerned. The pericardium was 
freely incised adjacent to the tumor and there was tho escape under 
tension of a very considerable quantity of clear fluid. Immediately 
thereafter the pulse volume improved, the pulse rate slowed, and the 
blood pressure rose. Before incision of tho pericardium it appeared 
doubtful if the patient’s condition would permit of further investiga¬ 
tion, to say nothing of eradication of the neoplasm. After drainage, 
the general condition was good enough to proceed, thus indicating that 
the clinical picture probably was due to a measure of cardiac tamponado 
which had been present for several weeks bofore operation and was 
presumably exaggerated by anesthesia. The further investigation in 
this case consisted of exploration through tho widely opened peri¬ 
cardium. Posteriorly, neoplastic tissue (from which a specimen was 
removed and reported as anaplastic medullary carcinoma) was felt 
and visualised. It not only invaded tho pericardium in this region but 
also appeared to Invade the heart directly. The case was thus inop- 
orable, the pericardium was left open, and tho thoracic wonnd was 
closed. Tho postoperative course was uneventful and there was no 
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return of the picture suggestive of cardiac tamponade. He left the 
hospital about two weeks after operation and died several months later. 

3. Exploration, to Determinate Extent of Invasion of Pericardium by 
Pulmonary Neoplasm. Partial Excision of Pericardium. —A report has 
been made before the American Association for Thoracic Surgery con¬ 
cerning a periphei’ally invasive type of pulmonary cancer which also 
is usually characterized by limited and late (if any) regional lymph 
node involvement. Metastases are prone to occur via the blood stream. 
Thus, the local situation is favorable for eradication in such cases pro¬ 
vided it is possible to excise beyond the region (such as diaphragm 
and thoracic Avail) of peripheral invasion. In the following case the 
lesion appeared at first to he inoperable because of fixation at the 
mediastinum and invasion of the pericardium. Exploratory pericardi¬ 
otomy revealed the extent of the invasion. Liberal sacrifice of the 
pericardium made possible an adequate excision of the tumor. 

CASE REPORT 

M. F. B., a man 50 year's old, Avas admitted with a history of asthenia, 
Aveight loss, cough of six weeks’ duration, and pain in the left upper 
chest of two Aveeks’ duration. On percussion there Avas dullness be¬ 
hind the sternum extending to the left side. In the roentgenogram 
there Avas seen a large mass apparently in the upper lobe and attached 
anteriorly. Bronchoscopy was negative. The operation Avas performed 
June 30, 1942. Extending from the anterior portion of the upper lobe 
was a tumor Avhich occupied the anterior mediastinum and Avas tightly 
wedged in place. Adhesions were separated but the tumor remained 
immobile. In order to attempt to ascertain the possibility of removal 
and the extent, if any, of invasion of the pericardium, an incision was 
made through the parietal pericardium above the tumor. The tumor 
was found to invade broadly the parietal pericardium, bulging into the 
sac and compressing the heart. HoAvever, there Avas no invasion be¬ 
yond the parietal pericardium. The latter Avas incised around the 
tumor sacrificing a section about three inches hi each diameter. The 
tumor Avas thereby released and it AA T as removed together Avith about 
one-half of the upper lobe by the tourniquet technique. (Microscopic 
report: squamous-cell carcinoma.) In order to cover the large peri¬ 
cardial defect the pulmonary tissue adjacent to the stump Avas ap¬ 
proximated to mediastinal tissues medial to and aboA’e the pericardial 
defect. 

It noAv is almost two years since operation. The patient is in good 
condition, symptom-free, and pursues an active occupation. 

4. Adhesive Pericarditis With Slight External Evidence. Explora¬ 
tory Pericardiotomy Followed by Partial Pericardiectomy. —In addi¬ 
tion to the classical forms of constrictrte pericarditis there are cases 
Avith similar clinical manifestations in which the constricting factor is 
not evident. To these I have attached the term “restrictive peri- 
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carditis.” The point to lie mode here is that these may not. be identi¬ 
fied at operation by an inspection of the external surface of the peri¬ 
cardium. An exploratory incision of the pericardium is indicated. It 
can bo added that the diagnosis of constrictive pericarditis is not always 
easy and that a symptom complex which appeals to be more or less 
characteristic may bo due to lesions quite unrelated to pericardial dis-^ 
case. Thus, there was an instance in which I explored tho pericardial 
sac and found it to be free from abnormality. Subsequently tho case 
came under tho observation of White in Boston. The clinical picture 
warranted re-exploration of the pericardial sac by Churchill, again 
with negative findings. 

0A8E REPORT 

N. B., a 23-ycnr-old man, gave n history of abdominal distention for 
three montlis. Six liters of fluid were removed before admission. 
The abdomen was tenso with fluid. The blood pressure was 126/96, 
the venous pressure 19 cm. After the customary preparation, operation 
was performed, July 19, 1940. The approach was a left transpleural 
intercostal one. The external pericardium was apparently not thick¬ 
ened although somewhat, opaque. Cardiac pulsations were normal. The 
poricardium when incised was found to be very slightly thickened. 
Tho lesion was an adhesive fibrosing one of the visceral and not of the 
parietal pericardium. After the visceral membrane was generously 
removed the cardiac action was free but tho heart did not bulge through 
the gap in the parietal pericardium. 

The postoperative course was uucventful. There has never been a 
return of ascites. It is now almost four yeais since operation. The 
patient has remained symptom-freo in a physically active occupation. 

5. Exploratory Pericardiotomy and- Secondary Pericardiostomy for 
Stippurative Pericarditis. —The suture of the margins of the opened 
pericardium to tho thoracic, incision facilitates greatly tho drainage of 
an infected sac but docs not always solve the problem. Thus, undrained 
collections may be found at autopsy. With this in mind the following 
patient was subjected to exploratory pcricaidiotomy after drainage 
for suppumtivo pericarditis had already been instituted. 

CASE REPORT 

B. S., a boy 6 years old, had been operated upon at auothcr institu¬ 
tion for suppurative perienrditis as a metastatic focus derived from 
the humorus. At the operation several weeks before admission, when 
tho patient’s condition was desperate, a large quantity of pus under 
tension was evacuated. The general condition rapidly improved, tho 
patient became afebrile, but rather profuse discharge of pus from the 
wound continued. At operation at Mount Sinai Hospital the peri¬ 
cardium was widely exposed extrapleurally and carefully incised with¬ 
out preliminary aspiration. Purulent exudate was encountered. Pur- 
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ther dissection revealed not only additional purulent exudate but also 
surprisingly large collections of pus both in front and behind the 
heart. Painstaking irrigations were required over a period of weeks 
before the pericardial sac was clean and could be permitted to heal. • 
It has remained healed. 

6. Pericardiotomy for Acute Pericarditis of Low-Gh’ade Virulence .— 
The following is the only instance in my experience in which an ex¬ 
ploration disclosed an inflammatory lesion of obviously low-grade 
virulence. 

CASE REPORT 

C. K., a 68-year-old woman, was operated upon for diaphragmatic 
hernia at another institution, in October, 1942. A transthoracic opera¬ 
tion was performed. It was followed by fever. Several thoracenteses 
were performed. Fever continued unabated. On admission in Janu¬ 
ary, 1943, it was thought (roentgenograms difficult to interpret) that 
an intrapleural suppurative focus existed in the region of the peri¬ 
cardium. At operation, Januaryl9, a suppurative focus was not found. 
The surface of the pericardium appeared congested and possibly thick¬ 
ened. Aspiration revealed turbid yellow fluid (culture was reported 
later as sterile). The pericardial sac was laid open freely and found 
to be occupied by fibrinous exudate and small pools of yellowish fluid. 
The margins of the pericardium were sutured to the soft parts of the 
thoracic incision. The skin was strapped. (Report on specimen from 
pericardium: acute inflammation. No organisms found in sections.) 
Postoperative dressings consisted of unstrapping of skin wound, evacu¬ 
ation of clear fluid, and restrapping of wounds upon several occasions 
until healing occurred. 

After a fever-free interval fever returned and another exploration 
for a suspected intrathoracic abscess was performed on February 19. 
None was encountered. The pericardial sac was opened and found to 
be free from infection. The patient was discharged in a fever-free 
interval. 

7. Pericardiotomy for Better Exposure of the Patent Ductus in the 
Presence of Subacute Endarteritis .—The brilliant results achieved by 
Touroif and subsequently by others with the ligation of the ductus in 
the presence of subacute endarteritis were offset in a measure by 
occasional disastrous hemorrhage at the time of operation. The source 
of hemorrhage was the posterior surface of the ductus and the cause 
(hi addition to the possible or probable friability of the ductus when 
the seat of endarteritis) was the difficulty of dissection in this region. 

It was apparent that although the ductus is outside, but immediately 
adjacent to, the pericardium the exposure of the structure would be 
facilitated by incising the pericardium and retracting the dilated pul¬ 
monary artery. This was first tried in a patient without endarteritis 
and, found to be useful for the purpose, was applied in two with en- 
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dnrteritis. Ono case is described. In view of current reports it should 
be stated that a course of penicillin must be tried before subjecting 
patients with patent ductus to ligation during the period of subacute 
bacterial endartoritis. 


CASE REPORT 

11. N., a woman 30 years old, was admitted Sept. 27, 1943, with a 
three months’ history of fatigue and fever. The diagnosis of subacute 
bacterial endarteritis was established elsewhere and full dosage of 
sulfadiazine was administered. Thore had been one episode of pul¬ 
monary infarction. On admission there were noted the characteristic 
machinery murmur and phonocardiogram. The blood culture was posi¬ 
tive for Streptecoccns viridans. At operation the mediastinal pleura 
was incised in the customary manner, and the recurrent nerve visual¬ 
ized beneath the aorta. The ductus was found to occupy a lower posi¬ 
tion than usual and was short and extremely wide (1% cm. long, 2 cm. 
wide). The dissection for its release was begun on the suporior and 
inferior surfaces but it soon became evident that dissection undor 
vision would not he possible on its deep surface. In the hope of 
obviating more or less blind and dangerous dissection in this region 
mobilization of the enormously dilated pulmonary artery was decided 
upon. This was made possible by incising the porienrdium radially 
and freely over the region of the left auricular appendage. The in¬ 
cision was prolonged to the beginning of the ductus. A gauze pad was 
placed over the pulmonary artery which was drawn downward and 
medially. The deep surface of the ductus was visualized thereby and 
its dissection was readily accomplished. Two silk ligatures closed the 
ductus with disappearance of the thrill. The pericardium was not 
sutured. Blood pressure before ligation was 86/64, after ligation 
100/70. 

There was an accumulation of bloody pleural fluid after operation 
of which 350 e.c. were aspirated. There were also two chills in the 
first postoperative days. Otherwise, convalescence was satisfactory and 
all blood cultures were negative, including the one immediately after 
ligation of the ductus. It is now' seven months since operation. Tho 
patient is symptom-free and does the active work of a housewife. 

DISCUSSION 

DR, STUART tV. HARRINGTON, Rochester, Minn.—I have not used peri¬ 
cardiotomy in tho treatment of ductus arteriosus, but for the pnat two yen re I ham 
used a posterolateral approach for exposure in the surgical treatment of dnetua 
arterioan* both in the infected and nonlnfected ones. 

I beliove that thii approach ha? very definite advnntagee over nn anterior ap¬ 
proach. The exposure is more adequate. It is particularly advantageous if the 
pleura is adherent elnce the lung can bo separated from tho apex permitting exposure 
of the ductus. It is also very adequate in the infectod potent ductus where there 
are many adhesions and enlarged lymph nodes nronnd the ductus. It has the ad- 
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vantage of a bilateral approach to the-ductus. If hemorrhage should inadvertently 
occur during the separation of the ductus, the surgeon is in a position to control 
it by compression of the fingers until the ductus can be ligated, -which I have found 
necessary to do in one of my cases. 

The posterolateral incision is made around the angle of the scapula with resection 
of the posterior two-tldrds of the fourth rib and in some instances an additional 
exposure can be obtained by resecting a small segment from the angle of the ad¬ 
jacent ribs. The pleural cavity is entered through a posterior periostomy of the 
fourth rib. 

DR. JOHN C. JONES, Los Angeles, Calif.—I have not opened the pericardium 
of any of the patients in whom I have ligated the patent ductus arteriosus. Gross 
of Boston, who has had the most experience with the ligation of the ductus 
arteriosus, makes a very definite point, and I tliink a very good one. I feel certain 
he was referring to the ligation of the ductus arteriosus in patients with infection. 
He believes there is a definite disadvantage in opening the pericardium because there 
is a trickle of pericardial fluid, through that opening which obscures the field of the 
dissection, and I have not seen any noninfeeted ductus arteriosus which required 
the opening of the pericardium for ligation. 

I should like to make one point, however, that the more ductus one ties, the 
greater variety' of dissections one encounters. I think in some cases the ductus 
appears short because of the reflection of the pericardium up over the ductus, ex¬ 
tending to the aorta. Some that are not infected, where there are no enlarged lymph 
glands, appear as though there had been infection, even in young children. Going 
anteriorly and antromesially toward the right main stem bronchus, the dissection 
is difficult. If one carefully dissects down, removing and cutting these fibrous re¬ 
flections from the pericardium up toward the aorta, one is surprised how much 
longer the ductus arteriosus actually is than it appeared originally when the dis¬ 
section was started. 

I quite agree with Dr. Gross that there is a definite disadvantage to hnving the 
pericardium opened in the region of the ductus because of the trickle of fluid. There 
is another point I would like to make as far ns opening the pericardium is concerned 
in malignant tumors. 

About one and one-lialf years ago I operated upon a boy about 9 years old who 
had a recurrence of an upper abdominal wall tumor which had been reported as a 
fibrosarcoma and which obviously not only involved the abdominal wall, but also 
the costal cartilages. After removing the large abdominal wall tumor and dissecting 
upward to resect the costal arch on the loft, it was seen that the tumor involved the 
left diaphragm anteriorly and the left pleural cavity, so that was removed. Then 
the dissection was made mesially and posteriorly, and it was found that the peri¬ 
cardium was involved. Therefore, I had to remove the lower two-thirds of the an¬ 
terior pericardium. 

Then, extending over to the right, it was observed that the anterior right leaf of 
the diaphragm and the right pleura anteriorly were infiltrated with new growth, and 
lind to be removed. The dissection was carried on downward so that I had all four 
cavities opened widely at one time. It was a beautiful demonstration of controlled 
anesthesia. It was necessary to use the liver in order to close the wound, but the 
liver makes an admirable closure of the abdominal wound, provided there lias been 
enough fibrosis from the previous operation in order to stitch it to the remains of 
the abdominal wall anteriorly. This patient had an uneventful convalescence and 
is well thus far. 

DR. CAMERON HAIGHT, Ann Arbor, Mich.—The indication for partial re¬ 
section of the pericardium in conjunction with the removal of tumors of the lung 
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la rare. Tlio first instance that I am aware of is one mentioned by Clarence 
Crafoord of Stockholm in Ida monograph On the Technique of Pneumonectomy in 
Han, 1938. 

I would like to call your attention to nn interesting observation in a patient for 
whom a pneumonectomy with tl^e resection of a large area of the pericnnlfora was 
l>erfonned tlireo years ago. Tho lesion, which proved to be a squnmous-cell car¬ 
cinoma, was situated in the lingular portion of tho left upper lobe. The diaphragm 
was moving two weeks before operation, but on the day before operation, there 
was complete diaphragmatic paralysis. As the involvement of tho phrenic nerve 
was recent, operation wna dono in spite of tho fact tlrnt local extension of the 
tumor to the pericardium and phrenic nerve was anticipated. It was hoped that 
the extension was sufficiently recent, so that it would be possible to remove the 
local motnstases in conjunction with tho lting. An [interior approach was used, and 
the tumor in the upper lobe was found to be adherent to nnd Invading the peri¬ 
cardium over an nrea about 4 by 5 cm. in diameter. The phrenic nerve was involved 
in the growth. 

The pericardium was opened and nn encircling incision aboat 1 cm. wide wna 
made of the neoplastic infiltration in the wall of tho pericardium. The involved 
area of pericardium wna left attached to tho long and wna removed in conjunction 
with the lung. After flxntlon in 10 per cent fornmlin, tho resected area of peri¬ 
cardium measured 0.4 by 5.4 cm. 

During the removal of the lung, the exposure of the pulmonary pedicle was main¬ 
tained by the assistant's hand which Incidentally maintained slight pressure agninst 
the heart, thus keeping it in place. On releasing tills pressure after removal of 
the lung, the heart immediately herniated tlirough tho large opening in the peri¬ 
cardium, and the apex of the heart almost touched the thoracio wall laterally. To 
describe the phenomenon more vividly, the heart actually flopped ont of the peri¬ 
cardial cavity. Tliia resulted in a sudden kinking and torelon of the vessels at the 
base of the heart. The blood pressure became inaudible nnd tho pulse imperceptible. 
By pressing upon tho heart it could be returned into the pericardial cavity and by 
tilting the patient to the contralateral side at an angle of about 20 degrees, the 
heart remained within the pericardium. As soon as the heart was returned to its 
normal position, the blood pressure and pulse rate returned to the levels that were 
present before the incident occurred. The opening in the pericardinm was much 
too large to be closed by suture. Although the uso of a free fascial graft was con¬ 
sidered, this possibility was abandoned because of the ndditionnl time that would bo 
required nnd the unforeseen difficulties that might bo encountered. More impor¬ 
tantly, it was believed that the herniation of tho heart could be prevented by keep¬ 
ing the patient turned on or toward the countmlateral side. 

After closure of the wound, a loud clicking noise, similar to a knock, could be 
heard and felt with each heartbeat. During the first day after the operation the 
intensity of the sound wns so great that it could lx* henrd when one was standing in 
the doorway of the pntlent's room, the patient being nt tho opposite end of the 
room at a distance of about twelve feet. The intensity of the sound gradually sub¬ 
sided during the next several days and then completely disappeared coincident with 
organization of the pleural fluid within tho empty pleural cavity. 

It wns necessary' to keep the patient inclined toward the contralateral side after 
operation. At one time during tho drat few hours of tar operation, the patient wns 
inadvertently allowed to be flat on his back, and ho immediately developed severe 
shock, which was promptly corrected by again turning him toward the right side. 

As I do not recall that this phenomenon of herniation of the heart , in a patient 
for whom a large pericardial opening was not closed, has been described previously, 

I felt that it would be of interest to montion it as well as the use of posture in 
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controlling this complication. Although three years have elapsed since operation, 
the patient is well and he has no evidence of- cardiac embarrassment or recurrence 
of the tumor. 

DR. E VASTS A. GRAHAM, St. Louis, Mo.—A number of years ago Sauerbruch 
described the procedure of leaving the pericardium open for drainage into the 
pleural cavity as in cases of intractable pericardial effusion. I had occasion about 
four years ago to carry out that procedure in a woman who had a recurrence of a 
carcinoma of the breast in the pericardium with massive bloody effusion in the 
pericardium which required frequent tapping. By the simple procedure of remov¬ 
ing some of the pericardium and letting the rest of it drain into the left pleural 
cavity the woman was perfectly comfortable for a period of about two years before 
she died, finally, of further recurrences. 

This was an exceedingly simple procedure and one which gave great comfort to 
the patient. 

DR. JEROME R. HEAD, Chicago, HI.—I had one rather peculiar accident inci¬ 
dent to opening and closing the pericardium. I believe that it might be worth 
while to report it. The left auricular appendage extends down beside the arterial 
cone. At each heartbeat this thrusts forward. 

In taking out a pericardial cyst, I tore the pericardium, and at the end of the 
operation, which was a perfectly simple one, I started to close it with a running 
stitch. Through the early part of the closure I could see the needle but was un¬ 
able to watch it during the last stitch. This was followed by a tremendous gush 
of blood through the remaining opening and into the pericardium. I opened the 
sac widely and found that my needle had torn a piece out of the auricle which had 
come down and hooked my needle. It emitted a stream of blood about the size of 
a lead pencil. 

I put my finger on it and inserted a stitch in the end of the flap for traction. 
The stitch immediately pulled out. Fresh bleeding developed at the site of the 
stitch. I then tried to grasp it on the side with a liemostat and ended by having 
more bleeding. My assistant finally suggested that I take an ovum forceps and 
grasp the whole appendage, which I did, and then ligated back of the forceps. 
This controlled the bleeding. The patient made an uneventful recovery except for 
two or three weeks when he had almost daily attacks of paroxysmal tachycardia. 

I believe that this is worth reporting as being the only way in which one can control 
bleeding from this part of the auricle. 

DR. FRANK S. DOLLEY, Los Angeles, Calif.—There is a point that has not 
been emphasized despite the splendid discussions of this paper. Following peri¬ 
cardiotomy there may be no apparent counterindication to closure of the peri¬ 
cardium. It should be borne in mind, however, if there is any trauma at all, 
serum in considerable amount may collect in the pericardial sac. If the peri¬ 
cardium is completely closed, tamponade may occur and, under the care of an intern 
unused t.c tliis complication, lead to the patient’s death. 

Even if the pericardium is left open, unless there is some provision for drainage 
other than leaving it open, an accumulation of serum in the immediate vicinity 
of the opening of the pericardium may occur leading to a backup into the peri¬ 
cardial sac and to serious or fatal tamponade. In other words, some type of drain¬ 
age (rubber tissue) to the outside or into the pleural cavity in cases where the 
serum is likely to form in considerable quantity is a necessary safeguard. 

A tamponade developing during the night might lead to death without the nurse 
being aware of change for the worse. 



THE MANAGEMENT OF .STBICTUBE OF THE ESOPHAGUS 

With Special Reference to Complete Stricture op the 
Mid-esophaous With a Detailed Report op Two Cases 
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Boston, Mass. 

T HE common conditions of the esophageal wall with obstruction are 
cancer of the esophagus, esophageal diverticulum, cardiospasm, web 
(both with and without the Plnmmer-Vinaon syndrome), cicatricial 
stricture secondary to caustic burns, cicatricial stricture secondary to 
peptic ulcer or esophagitis often associated with peptic ulcer below 
the esophagus, cicatricial stricture secondary to or associated with 
surgical procedures, cicatricial stricture secondary to tuberculous glands 
of the mediastinum, and congenital developmental anomalies, named 
in the order of greatest frequency. 

Tho method of treating esophageal strictures is dilatation of the 
narrowed area. A satisfactory result is obtained when the dilatation 
is sufficient to allow the passage of a regulor diet without difficulty. 
Until this is accomplished, the diet may be altered to admit its passage 
through the narrowed esophagus. 

The amount of dilatation or distention that may be obtained in tis¬ 
sues by the application of pressure is, to say the least, amazing. In the 
esophagus we see diverticula that hove become as large as a grape¬ 
fruit, and the esophagus may attain a circumference of ten inches ns 
the result of continued pressure from its fluid content and by the 
added pressure exerted by the muscles of deglutition. 

The passage of any instrument through the esophagus is fraught 
with danger for trauma to the esophageal wall may result in mediastin- 
itis, while perforation or rupture produces mediastinitis except in rare 
instances. The mediastinitis spreads rapidly and terminates fatally in 
almost all instances unless radical measures are taken to drain the 
mediastinal infection and limit its spread. In such cases the judicious 
nse of the sulfonamides and penicillin must not bo overlooked. 

The frequency and the amount of dilatation vary with the individual 
case, and this is governed by the experience and judgment of the at¬ 
tending physician. Once dilatations are begun, the tragedy of break¬ 
ing of the esophageal wall reflects upon the judgment of the operator. 

♦Department of Surgrery. The Lahay Clinic. 

■fDepartment of Ear, No« and Throat. Tho La hey Clinic. 

Read at the Twenty-fifth Annual Meeting; of the American Aaaoclatlon for Thoracic 
Surgery. Chicago. III., May G and 0, 1044. 
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CARCINOMA 

Since dilatation can in no way be a cure for carcinoma, it may be 
used in giving palliative relief, improving nutrition and delaying gas¬ 
trostomy or deatli. Dilatations have been carried out both with tile 
esophagoscope and with the previously swallowed thread as a guide, 
obtaining pronounced relief over a period of time. 

PHARYNGO-ESOPHAGEAL DIVERTICULUM 

■The only logical treatment of these diverticula is surgical removal. 
Symptoms of a small pharyngo-esophageal diverticulum may be re¬ 
lieved to some extent by dilatation of the upper end of the esophagus. 

We believe that dilatation of the upper end of the esophagus fol¬ 
lowing operation decreases the tendency toward recurrence' of eso¬ 
phageal diverticula, and in a few cases dilatations of this area have been 
necessary due to narrowing following the operative procedure. 

CARDIOSPASM 

A review of the etiologic theories of esophageal achalasia is unneces¬ 
sary. There is narrowing or stenosis of the lower end of the esophagus 
which produces symptoms that may be relieved by dilating the nar¬ 
rowed area. In 112 cases of cardiospasm requiring treatment, we en¬ 
countered 4 with advanced torsion, in which dilatation failed to give 
satisfactory relief, and operative treatment was advised. Yet 3 of 
these 4 patients have managed to exist with considerable discomfort, 
and 1 died of pneumonia several weeks after a gastrostomy had been 
performed to maintain nutrition. The remainder were dilated with 
control of most of their symptoms. 

For years it was our practice to visualize the lower end of the esoph¬ 
agus through the esophagoscope, balloon the esophagus and pass di¬ 
lators, and usually the esophagoscope, into the stomach. At this time 
a Tucker-Plummer bag was passed through the esophagoscope, the 
esophagoscope was withdrawn, and the Tucker bag was dilated to 
eight pounds pressure or until severe pain was produced. Following 
the esopliagoscopic procedure, a modified Plummer bag, measuring one 
inch in diameter, was placed in the narrowed area under fluoroscopic 
guidance. It was inflated until pain was produced or until eight 
pounds of pressure was reached. The dilatations were carried out at 
intervals of one to three weeks until considerable improvement in the 
symptoms had occurred. If the symptoms Avere not relieved, the pres¬ 
sure Avas increased gradually over a period of months until tAvelve or 
even fifteen pounds of pressure Avas used. FolloA\dng the suggestion 
of others, Ave began applying the higher pressure early in the course of 
treatment, and found that the results Avere much better in that the 
time required and the number of treatments were greatly decreased. 



ADAira AND HOOVER: STRICTURE OF ESOPHAGUS 


385 


Tliis year suppurative medinstinitis occurred in 2 cases following 
such dilatation. These are included in the 4 eases of medinstinitis to 
be mentioned later in this communication. Although both patients 
recovered aftor prompt surgical drainage, we were convinced that such 
rapid dilatation, while effective, was too dangerous for further use. 
Henceforth, we shall follow our former policy of gradual dilatation, 
accepting the inconveniences of increased frequency of dilatation and 
the time required rather than risk esophageal rupture. 

Leakage occurred once under general anesthesia, which was given 
at the insistence of an extremely nervous and temperamental patient. 
In addition, too great pressure was .used. This complication must be 
classified as secondary to an error in judgment, as the pain roflex should 
be preserved as a safeguard during esophageal dilatation for cardiospasm. 

WEB 

■Webs with and without the presence of the Plummer-Vinson syn¬ 
drome have been encountered in 42 cases. The treatment of web is 
usually dilatation; however, a few have been removed with a punch 
forceps. In many eases the initial dilatation relieves the patient in¬ 
definitely, although a few require repeated treatment. One patient 
returned six years after dilatation with further difficulty in swallow¬ 
ing. She was found to have a carcinoma in the upper esophagus. 

CUEJUCAL BURN 

Sixteen patients with stricture of the esophagus resulting from chem¬ 
ical burn have been treated with relief of symptoms, 2 of which are 
reported here in detail. Pour other patients have been seen, but went 
elsewhere for treatment or rely on a gastrostomy for feeding. 

None of these patients was seen early or during the acute stage of 
the burn. They came to us weeks, months, or oven years later, when 
discouraged by the lack of progress, or in difficulty either from their 
own neglect of treatment or inadequate treatment. 

The only really troublesome difficulty encountered was re-establish¬ 
ment of an opening in a completely stenotic esophagus. If the patient 
was able to swallow liquids, no trouble wrs encountered. Once a guid¬ 
ing thread was pnssed through the strictured area from n gastrostomy 
opening through the mouth, persistent gradual dilatation accomplished 
a satisfactory result. The Tucker retrograde rubber bougie was used 
in the early phase of treatment of the most difficult cases. 

rnmo ulcer and esophaoitis 

Strictures associated with peptic ulcer of the lower end of the esoph¬ 
agus or a severe esophagitis associated with peptic ulcer Iadov tho 
esophagus havo required repeated dilatations in 15 cases. One patient 
was completely obstructed and bad been maintained on parenteral 
feedings for three weeks before coming for treatment. A gastrostomy 
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was done and retrograde dilatation carried out. In the remaining, 
eases, after appropriate esophagoseopy, biopsy, and diagnostic studies, 
the swallowed thread was used as a guide for the repeated dilatations. 
All of these patients were greatly improved for long periods, some 
being entirely symptom-free. ' Two had a return of symptoms after 
being well for live and seven years, respectively. It is interesting to 
note that a large percentage of these patients with peptic ulcer of the 
lower end of the esophagus had a short esophagus and a small dia¬ 
phragmatic hernia. 


SURGICAL PROCEDURES 

As a sequel to the treatment Of carcinoma of the stomach by total 
gastrectomj" and esophagojejunostomy in 68 patients, 6 patients de¬ 
veloped a partial stricture at the anastomosis within a few weeks or 
months after the operation. All responded to repeated dilatations and 
here again a swallowed thread was useful as a guide. We have seen 
2 patients in whom a portion of the cervical esophagus, 5 cm. and 1.5 
cm., respectively, was removed accidentally during thyroid surgery. 
Complete obstruction had existed for six weeks in 1 case and for one 
year in the other. 

Fortunately, neither patient developed a spreading mediastinitis, 
which may well be explained by the open drainage of the thyroid 
wound. Treatment was carried out by an open operation of the area 
of the cervical esophagus with peroral and retrograde esophagoseopy. 
In the patient with the smaller defect, a flap of mucous membrane was 
turned down from the upper segment and sutured in continuity with 
the mucous membrane of the lower segment. A thread was placed for 
retrograde dilatation. 

In the patient with the larger defect, a thread was placed without 
any. attempt to bridge the defect with mucosa. Retrograde dilatations 
have been carried out and, surprisingly enough, this patient is able to 
eat a normal diet; but dilatations to a No. 41 French bougie are still 
being carried out at three-week intervals over a previously swallowed 
thread. 

In a case worthy of mention an early carcinoma was diagnosed in 
the upper end of the esophagus. An open operation through the neck 
was carried out, removing the entire carcinoma, and leaving a strip 
of mucous membrane approximately 6 mm. by 5 cm. connecting the 
hypopharynx and the esophagus. Repeated' dilatations were carried 
out following this procedure, and at this writing, eleven years later, 
the patient is asymptomatic, and a 7 mm. esophagoscope can be passed 
with ease through the upper esophagus. 

TUBERCULOSIS OF THE MEDIASTINAL GLANDS 

Tuberculosis of the mediastinal glands is not uncommon and often 
produces a traction diverticulum. In a relatively few cases, however, 
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a scar tissue stricture is produced which requires repeated dilatations. 
Five such patients have been treated, 1 of whom required dilatations at 
Intervals over a period of seven years before she became asymptomatic. 

CONOENITAU NARROWING OF THE ESOPHAGUS 

In 2 cases a congenitally narrow esophagus was present. One pa¬ 
tient was a girl 9 years of age, and the other was a man of 49 years. 
Both had lived their entire lives on, fluids and strained foods, never 
having taken a normal meal. Both responded readily to repeated 
dilatations. 

REPORT OF CASES 

Case 1. —Nor. 24, 1942, a 60-yenr-olcl man accidentally swallowed a 
quantity of wood-staining compound. He recovered promptly from 
the severe systemic shock, but dnring the next two months he devel¬ 
oped a complete esophageal stricture. He lost twenty pounds in 
weight. For several days prior to admission all intake by mouth was 
regurgitated and he was sustained by intravenous fluids. 

He entered the hospital Feb. 23, 1943, three months later. The gen¬ 
eral physical examination was not remarkable, except for dental caries 
and gingivitis. Gastrostomy was advised hut refused. February 25, 
esophagoscopy demonstrated complete obstruction at the middle third 
of the esophagus with some ulceration of the wall above the stricture.. 
The lumen was represented by a dimple of granulation tissue, through 
which a No. 10 Jackson bougie was passed without difficulty. Larger 
dilators, up to No. 1C, were then passed. Following dilatation the 
esophagus wns easily inflated with air, and a swallow of warm water 
seemed to go through without apparent discomfort to the patient. A 
few minutes later a sharp lancinating pain in the upper abdomen oc¬ 
curred. Because of the possibility of perforation and emphysema of 
the mediastinum, roentgenograms were taken which showed no sign 
of mediastinal disease. 

Steady boring pain under the right costal margin and xiphoid process 
persisted, but the temperature and pulse rate, after initial elevation 
within the first eight hours, subsided to normal in eighteen hours, and 
serial white blood counts at two, six, and eighteen lionrs were 6,900, 
19,900, and 17,000, respectively. At thirty hours tho temperature wns 
101° F., puhe rate 120, and the leucocytes numbered 31,000. Roent- 
gehologic examination with a portable machine showed an elevated 
right diaphragm. The pain had increased and was made worse by.deep 
inspiration. The diagnosis of acute suppurative medinstinitis was 
obvious.' ' 

February 26, thirty-four hours after esophagoscopy, a right posterior 
hiedinstinotoiny through the bed of the eighth yib yielded 600 c.c. of 
thin foul-smelling pus containing anaerobic hemolytic streptococci. ' 

The patient recovered after a prolonged convalescence. A gastros¬ 
tomy wns established on March 5, eight days after the mediastinotomy. 
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The initial retrograde bougienage with passage of a thread was per¬ 
formed April 6, forty-one days after the esophagoscopy, and he was 
discharged April 9. Dilatations were continued over the thread at 
weekly intervals for several months until the esophagus had a diameter 
of a No. 45 French (1.5 cm.) bougie, and he was taking a normal diet 
without restriction or discomfort. The gastrostomy tube was removed, 
and he has continued well, receiving interval dilatations to maintain 
a satisfactory lumen through the stricture. 

Case 2.—A 29-year-old woman was admitted to the clinic Sept. 30, 
1943, with cicatricial obliteration of the mid-thoracic esophagus of 
seven years' duration. The stricture was caused by the swallowing 
of a corrosive solution, and since that episode She had been unable to 
take even liquid nourishment by mouth., A gastrostomy stoma estab¬ 
lished shortly after the misadventure had furnished a means of pro¬ 
viding adequate nutrition. . ' • 



Fie. l. 


The findings of the general physical and laboratory examinations 
were within normal limits. Complete occlusion of the mid-thoracic 
esophagus 3 cm. below the aortic arch was demonstrated by fluoroscopy, 
roentgenograms with barium in the upper esophagus, and air insufflated 
into the lower esophagus through the gastrostomy opening (Fig. 1). 
Peroral esophagoscopy showed partial cicatricial contracture at the 
cricopharyngeus muscle, and the mid-esophagus ended abruptly in a 
cord of scar tissue without a lumen. By retrograde esophagoscopy, 
fibrous narrowing below the mid-esophageal stenosis was seen. These 
studies confirmed the diagnosis of fibrous obliterative stricture of the 
mid-esophagus, 2 cm. in length. 
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October 6, the Btricture in the esophagus was widely exposed through 
a right transpleural and raediastinotomy incision. An esophagoseope 
was advanced to the stricture from above and another esophagoseope 
as near to its lower end as possible through the narrowed esophagus. 
The endoscopist introduced from below an aspirator used ns a probe 
and exerted gentle pressure upon it, while the surgeon held the fibrous 
occluded esophagus between his fingers and guided the probe through 
its central portion. The task of traversing the 2 cm. stricture was most 
difficult and consumed more than one hour, but gradually a new lumen 
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was made without perforation. After the aspirator was through the 
stricture, it was held steady between the surgeon’s fingers. The endo¬ 
scopist used a stream of saline to wash a silk thread down the upper 
esophagoseope. The thread was drawn into the aspirator by suction 
and the aspirator was pulled back within the lower esophagoseope. 

AVhile the endoscopist and surgeon were concentrating upon the re¬ 
moval of the upper esophagoseope with retention of the thrend through 
the stricture, the lower esophagoseope and aspirator were held by an 
attendant. Inadvertently the lower esophagoseope was allowed to slip 
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backward into the stomach, and the end of the aspirator penetrated 
the esophagus 2 cm. above the cardiac orifice but several centimeters 
distal to the lower margin of the stricture. The injury to the esopha¬ 
geal Avail ( Avas only the diameter of the aspirator, and it Avas imme¬ 
diately closed. This injury to the normal Avail of the esophagus, after 
the successful execution of the preoperative plan for passage of the 
stricture and because of momentary diversion of personal surgical 
and endoscopic attention from a minor technical detail, AA'as most 
exasperating. 

Sulfanilamide Avas placed about the esophagus and a drain Avas car¬ 
ried from the mediastinum out through the chest Avail incision. This 
patient also recoA r ered. 

November 10, thirty-five days after the operation, retrograde dilata¬ 
tion Avith Tucker bougies Avas begun. Gradually the lumen of the 
esophagus Avas increased until the patient could take a normal peroral 
diet. January 20, 1944, fluoroscopy Avith barium and roentgenografns 
shoAved the esophagus to haA r e a lumen Avith mobile Avails, and A’igorous 
peristaltic AA'aves passed along its entire course including the area of 
strict-ute (Pig. 2). The patient returned shortly aftenvard to her home 
in Trinidad, taking Avith her a set of Tucker retrograde bougies, Avith 
which dilatations have been continued by her local physician. When 
last seen at the clinic the stricture had a diameter of 9 mm. By report 
from the patient, progress has continued satisfactorily. The gastros¬ 
tomy eventually Avill be closed. 

DISCUSSION 

An ingested corrosive solution is likely to cause stricture formation 
at one or more of four narroAV points along the course of the esophagus. 
These are at the upper sphincter or ericopharyngeus muscle, at the 
crossing of the esophagus by "the aortic arch, at the passage of the 
esophagus under the left primary bronchus, and at the loAver sphincter 
or cardia. Observation of stricture cases indicates that the transient 
physiologic delay of food masses occurring at these locations makes 
possible increased local tissue injury Avhen the SAvalloAved material is 
a strong chemical irritant. 

In Case 1 the stricture Avas at the aortic arch. In Case 2 it Avas near 
the left primary bronchus, although there Avas partial stricture forma¬ 
tion both at the ericopharyngeus muscle and at the aortic arch. 

Beyond the appropriate general treatment, the most important point 
for the physician to keep in mind is the prevention of complete 
esophageal obstruction in the early management of chemical injury 
of the esophagus. This is possible by having the patient SAA T alloAv a 
thread promptly Avhen there is any difficulty in taking liquids. This 
maintains a potential lumen eA r en after extensrre corrosive injury and 
also furnishes the essential guide for later dilatation. Passage of the 



ADAJIS AND HOOVER: STRICTURE OF ESOPHAGUS 


391 


thread through the intestinal tract allows adequate anchorage, and the 
portion within the esophagus should be kept strong and fresh by pro¬ 
viding a constant supply from a bobbin. Should a gastrostomy be 
needed for feeding purposes, the thread may be brought out through 
that opening. With such an indwelling thread ns a guide, gentlo dila¬ 
tation may be started within a few weeks of injury. We hare not had 
occasion to employ the method wherein flexible morcury-fllled bougies 
are passed from the first day following injury. In both cases hero 
described, the esophageal lumen had been lost completely at the site of 
stricture for want of an inlying thread. 

Dilatntion is most safely attempted over n guiding thread. Tortnous 
or extensive strictures usually can be more safely dilated by retro¬ 
grade bougienage with Tucker bougies through a gastrostomy opening 
than with solid metal dilators from above even with a guiding thread. 
This in itself is adequate reason for gastrostomy even if it is not essen¬ 
tial for temporary feeding purposes. 

As the first patient could not pass a thread through the stricture by 
swallowing and refused to allow gastrostomy, it would seem better 
judgment by hindsight to have declined the responsibility for treating 
him than to be forced by events to accept responsibility for a perfora¬ 
tion that might not have occurred under the regimen of treatment 
considered preferable. The perforation produced by peroral dilatation, 
we believe, might havo been prevented hod gastrostomy been performed 
and retrograde bougies passed. 

The risk of fatality in the treatment of strictures such as occurred 
in Case 2 has been so high that many have remained untreated. We 
felt that it presented too hazardous a situation to attempt endoscopic 
procedures alone, because the stricture itself was completely fibrous 
and of considerable length, and because the portion of the esophagus 
below the obliterated area could not be well visualized because of nar¬ 
rowing. On the other hand, we were quite certain that, gradual dilata¬ 
tion would in time permit satisfactory resumption of function if the 
strictured area could be canalized without causing a fatal mediastinal 
infection. This opinion is based upon our experience with the previ¬ 
ously mentioned cases of esophageal stricture from various causes in 
which treatment by repeated dilatations was most satisfactory. 

In the absence of an indwelling thread or endoscopic means of safely 
passing one, the possible alternatives were debated. The most obviouR 
solution waa to refrain from any treatment and Jet an otherwise healthy 
woman of 29 years attain life expectancy on gastrostomy feeding. 
The patient was more than willing to take risks to regain the privilege 
of eating by mouth. An external esophagoplasty was considered and 
discarded after analogy with this procedure for carcinomn of the 
esophagus in which several operative stages produce an arrangement 
devoid of cosmetic appeal and rarely resulting in perfect function nl- 
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which, was at the introitus, was cut between clamps and'ligated. There 
was no other attachment of the tumor to the Avail of the esophagus 
(Fig. 2). The tumor was removed complete!}’’. 4 The esophagus was then 
closed with one continuous silk suture and two rows of interrupted silk 



Fig. 2.—-Transpleural esophagotomy for complete removal of pedunculated polypoid 
lipoma which was attached at the Introitus of the esophagus (Case 1). The tumor 
caused a marked dilatation and displacement of the esophagus, filled the entire lumen 
?- n<1 extended to the cardia. Left Insert shows posterolateral incision. Upper right 
the i f , ows marked displacement and dilatation of the esophagus and the site of 
nf k” ° r tne esophagus above the azygos vein. Lower left insert shows closure 
S ™Pnagus by using a continuous inverting suture of silk. Lower right insert 
completion of the closure of the esophagus' and overlying mediastinal 
Pleura with interrupted silk sutures. 
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sutures. The mediastinal pleura was sutured over the line of closure in 
the esophagus. The pleural cavity was irrigated with saline solution and 
10 Gm. of sulfathiazole were placed in the pleural cavity. The liuig was 
inflated with positive pressure and closed drainage of the pleural cavity 
was instituted through the periosteum of the fifth rib, anteriorly. 

The tumor was 22 cm. long and 8.5 by 5.5 cm. wide. It was covered 
with normal mucosa. On microscopic examination it was found to be a 
polypoid lipoma (Fig. 3, A and B). 



Fig. 3.— A, Largo polypoid lipoma covered with normal esophageal mucosa Which 1* 
ulcerated In place* (Case 1); B. section of tumor (X32). 

The patient’s immediate convalescence was very satisfactory. On the 
third day his temperature was 101° F. and his pulse rate increased. 
The leucocyte count was 9,700. The next day his temperature was 103° 
F. and the leucocyte count was 9,000. There was only moderate drain¬ 
age from the plenrnl cavity through the closed drainage tube. A culture 
of the material draining from the pleural cavity revealed green-pro¬ 
ducing streptococci. Penicillin therapy was employed. His tempera¬ 
ture gradually dropped to 99° F. on the eighth day, and nt this time 
open drainage of the empyema on the right side was instituted. There 
was a moderate-sized cavity whicli gradually closed. 

Roentgenograms made at the time of the patient’s dismissal, March 
27, revealed considerable reduction in the size of llic esophagus but it 
was still moderately dilated. The right lung had re-expanded and the 
empyema cavity had become completely obliterated. His symptoms had 
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disappeared completely, he liad gained twenty pounds (9.1 kg.), and his 
general condition was very satisfactory. 

Case 2.—A man, aged 24 years, came to ihe clinic Aug. 7, 1940, com¬ 
plaining chiefly of sore throat, dysphagia, cough, pain in the thorax, 
and weakness. He had been perfectly well until three and one-half 
years previously, when he had had an acute infection of the upper 
respiratory tract and a severe sore throat which had persisted since that 
time. Difficulty in swallowing had begun about the same time. It 
had occurred periodically and often had disappeared for a week or 
more. He had had several attacks, during which he had been unable to 
swallow any food for a day or more at a time, and he always had 
had to wash his food down with large quantities of water. He had had 
a cough which had been productive of clear mucus which had seemed to 
' accumulate in his throat. This had been more severe when his throat 
had been very sore. At times, he had noticed bloodstreaked sputum. 
There was a questionable history of melena. He had had attacks of 
vomiting which had been associated with a choking sensation in his 
throat and retrosternal pain. On four occasions a mass had been 
coughed up and nearlj’- had strangled him when it had protruded from 
his mouth. This first had occurred in the course of a vomiting spell. 
He had attempted to bite, the tumor off but had been unable to do so. 
He had replaced it in his mouth and had swallowed it. Regurgitation of 
the tumor had not occurred recently but he had had increasing difficulty 
■with regurgitation of food, progressive loss of weight, and weakness. He 
had had several examinations both roentgenologically and esophago- 
scopically before he came to the clinic and it had been thought that his 
condition was due to cardiospasm. The ^presence of a tumor had not 
been recognized. 

At the time of his visit to the clinic, his’ general condition was rather 
good. He had lost about fifteen pounds (6.8 kg.). The value for the 
hemoglobin was 6.6 Gm. per 100 c.c. of blood. The erythrocytes num¬ 
bered 4,080,000 and leucocytes 8,200 per, cubic millimeter of blood, 
respectively. Roentgenologic examination of the esophagus revealed 
severe dilatation with lagging at the cardia. A diagnosis of cardiospasm 
was made (Fig. 4). Examination of the stomach did not disclose any 
abnormality. Esophagoscopic examination revealed a large peduncu¬ 
lated esophageal tumor which was attached to the posterior wall of the 
esophagus just below the cricoid cartilage. The tumor extended down 
into the middle third of the esophagus. An attempt was made to bring 
the tumor out of the esophagus but this was impossible because the 
tumor was tightly wedged into the esophagus. In addition, the patient 
had an associated cardiospasm. Operation was necessary not only be¬ 
cause of the presence of a tumor but because it was. producing progres¬ 
sive dysphagia which resulted in an inability to obtain sufficient nourish- 
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ment. Because the pedicle of the tumor was found to bo in the introitus 
and the tumor was of moderate size, it was decided that cervical esophag- 
otomy would be tho best method of approach for removal of the tumor. 

Aug. 14, 1940, one of us (S. W. H.) performed n cervical esophagot- 
omy by approaching the tumor from the left cervical region. An in¬ 
cision was mado along the anterior border of the left, stemomastoid 
muscle. The carotid and jugular vessels were retracted to.the left, and 
the left inferior thyroid artery and vein were ligated. Elevation of the 
thyroid gland exposed the esophagus, which wns markedly dilated and 
edematous. A longitudinal incision was made into the lateral wall of 
tho esophagus. The esophagus was explored and it was found that there 



Flp. 4 ,—Dilatation of caophaRUa originally thought to be due to cardlo»pafltn (Cnee 2); 
eaophago#copy revealed a pedunculated tumor of tho eaophagua. 


were two tumors, each with a pedicle originating from a single pedicle 
in the introitus of the esophagus (Fig. 5). The single pedicle of origin 
was cut between clamps and ligated. The tumor was completely re¬ 
moved through the esophagotomy wound. The incision in the lateral 
wall of the esophagus was closed with one layer of interrupted catgut 
sutures, which approximated the mucosa, and with two layers of inter¬ 
rupted silk sutures which closed the wall of the esophagus. _ . 

One tumor mensured 10 by 5.5 cm. and tho other 7.5 by 3.5 cm. The 
two tumors had a pedicle 6 cm. in length and were attached to the esoph¬ 
agus by one pedicle (Fig. 6 A and B). Jticroscopic examination dis- 
0 
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closed that the tumors were myxofibromas. They wete covered with 
normal esophageal mucosa which was ulcerated over much of the surface 
of each tumor. This undoubtedly accounted for the bleeding which 
had occurred and also for the secondary anemia which had been present 
before operation. 

The convalescence was uneventful and the patient was dismissed 
Sept. 16, 1940, at which time the wound had healed entirely. His 
general condition was very good and he had been entirely relieved of 
symptoms. In a recent letter, he stated that he had not had any recur¬ 
rence of his former symptoms. 



Fig. 5.—Left cervical esophagotomy for removal of two pedunculated tumors (myxo¬ 
fibromas) originating from a single pedicle at the esophageal introltus (Case 2). 

Case 3.—A woman, aged 56 years, came to the clinic May 17, 1943. 
Her chief complaint was pain beneath the xyplioid, of one month’s dura¬ 
tion. She had not had any symptoms prior to one month previously, 
when she had noticed pain beneath the lower part of the sternum and 
xyphoid cartilage, which had been moderately severe. The pain, which 
had been localized to this region, had lasted from five to ten minutes. 
It often had been present when she had arisen in the morning and it 
had been present at irregular intervals throughout the day. Heat on 
some occasions had relieved the pain. Food or swallowing had not had 
any effect on producing or relieving the pain. She had not had any diffi¬ 
culty in swallowing solid food and had not regurgitated her food. She 
frequently had been annoyed by a gagging. sensation which had been 
associated with regurgitation of a small amount of mucus. She had been 
treated for anemia for three years and there had been some suspicion 
that the anemia was of a pernicious type but this diagnosis had not been 
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established definitely. Tho anemia always had responded well to treat¬ 
ment with liver extract. 

The patient weighed 133 pounds (60.3 kg.), which represented a loss 
of ten pounds (4.5 kg.). The blood pressure was 180 mm. of mercury, 
systolic, and 95 mm. diastolic. The value for the hemoglobin was 13.1 
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esophageal hia'tus. A roentgenogram of the esophagus and stomach 
showed a lesion involving the distal portion of the esophagus and the 
cardia (Fig. 7). There was a large extrinsic mass which appeared to 
lie sometimes in the thorax and sometimes in the abdomen, as though 
it slipped back and forth through the hiatus. There also was a duodenal 
ulcer with a shallow crater. Esophagoscopic examination revealed an 
obstruction at the lower end of the esophagus owing to a tumor which 
involved the wall of the esophagus arid pushed the esophagus posteriorly 



Fig. 7.—Esophageal tumor extending through esophageal hiatus and obstructing lower 
part of the esophagus at the cardia (Case 3). 

and to the left. The mucous membrane of the esophagus was normal and 
intact and there was no lesion of the cardia of the stomach. A diagnosis 
of a probable intramural leiomyoma was made. Although there was 
no history of dysphagia, operation was advised because of the large 
tumor which was disclosed by roentgenography and because of dilata¬ 
tion of the esophagus above the tumor. An abdominal approach was em¬ 
ployed because a considerable portion of the tumor protruded through 
the hiatus into the abdomen. 
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May 13, 1943, operation was performed by one of us (S. W. H.). A 
left rectus incision was employed, A large leiomyoma was found ia- 
volving the lower part of the esophagus; the greater portion of the tumor 
was in the posterior mediastinum and extended through tho hiatus into 
the abdomen (Fig. S). The tumor was removed and the opening in the 
lower part of tho esophagus and cardiac end of the stomach was repaired 



'with interrupted silk sutures. A small portion of the tumor, which 
extonded deep into the posterior mediastinum, was not removed because 
of its fixation to the pericardium. It was felt that this would undergo 
atrophy. If uot, it could be removed later. Microscopic examination 
revealed a leiomyoma. Tho tumor measured 15 by 7 cm. and weighed 
190 Gm. (Fig. 9, A and B). The patient’s convalescence was uneventful. 
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Fig. 10.—Roentgenogram made five months after operation in Case 3; esophagus 
is normal. (Small esophageal hiatus hernia resulting from the enlargement of the 
esophageal hiatus by the tumor.) 
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She was dismissed from our care Juno 21, 1943, at which time the wound 
had healed entirely and her general condition was very good. A roent¬ 
genogram showed slight deformity of the lower end of the esophagus 
(Pig. 10). She had no subjective symptoms. She was advised to return 
for observation in three months. When she returned, Oet. 29, 1943, she 
had no subjective symptoms. Her appetito had been very good. She 
had had no dysphagia. As her blood pressure had increased to 210 mm. 
of mercury, treatment for hypertension was instituted. A roentgeno¬ 
gram showed a very slight deformity of the lower end of the esophagus 
which was much less pronounced than it had been at the time of hor 
dismissal; this indicated atrophy of the residual portion of the tumor 
in tho posterior mediastinum. In view of the fact that her progress has 
been very satisfactory, wo do not believe it will be necessary to remove 
the remaining portion of the tumor; however, she will be kept under 
i oliserv^tion. 

.QA$E..4i—A woman, aged 39 years, came to the clinic March 8, 1943. 
Hcbmplaining of cough of fifteen years’ duration. During this time site 
jjhadl'tuJd periodic attacks of cough in the winter. The cough had been 
j’ycmttiunoUH throughout the cold weather but had been much less notice- 
’’ apltf’in the summer. It had l>een relatively nonproductive until about 
, •■tliheo months before she came to the clinic, when she hod had severe 
colds associated with chills, fever, and expectoration of purulent mn- 
.teiijtd. Since that time she had) had a constant hocking cough with 1 ‘ 
moderate dyspnea, and a short.timo before she como to the clinic Hhd / 
had noticed Bomo diffuse substettinl pain on swallowing. She hnd not 
had any dysphagia. v..; j 

When the patient was exafnjned at the clinic, the systolic blooc] 
pressure was 105 mm. of mercurymnd the diastolic pressure was 74 mm. 
A roentgenogram of her thorax shiiwed that the lung fields were essen¬ 
tially normal. Thoro was a large rounded ‘soft tumor mass in the 
posterior mediastinum. There was some compression of l>oth main 
bronchi and some widening onheangle of the eoryna. A roentgenogram 
showed n tumor, approximately fhb.v’ (flying posterior and to the 
right of the middle third of the esophagus (Fig. 11, A and B). The 
tumor was compressing the lumen of tho esophagus and probably hnd 
originated in the wall of the esophagus. On bronchoscopy, the eoryno 
was found to l>e greatly flattened. The right main bronchus was dis¬ 
placed laterally and the lumen was reduced to approximately one-half 
its normal dinmeter owing to pressure on the medial wall. The left main 
bronchus was displaced further to the left than normal. Esophagoscopy 
revealed that the esophagus was displaced to the right by a mnss at 
the level of the middle third. The mucous membrane was intact. 

March 7, a right transpleural mediastinotomy was performed by one 
of us (S. W. H.). A posterolateral incision was made and the posterior 
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two-thirds of the fifth rib were resected. The pleural cavity was opened 
through the posterior periosteum of this rib and a large tumor was found 
in the anterior wall of the esophagus. The tumor was very adherent to 
the right and anterior portions of the pericardium. It projected be¬ 
tween the two main bronchi, to which it was very adherent. The right 
bronchus had been compressed more than had the left bronchus. It was 
difficult to determine the site of the esophagus posteriorly. A large 
stomach tube was passed through the esophagus to determine its position. 



A. S. 

Fig. 11.—Tumor of anterior wall of the middle Uiird of the esophagus (Case 4); 
tumor Is displacing the esophagus to the right and posteriorly: A, anteroposterior 
view; B, lateral view. 

The tumor was very adherent to all of the surrounding structures. It 
was removed completely (Fig. 12). The tumor was very friable and 
degenerated in the central portion. There was some necrosis of tissue. 
The tumor contained about six ounces (ISO c.c.) of thick necrotic 
puslike material. The esophagus was reinforced with interrupted silk 
sutures at the site of removal of the tumor. The lumen of the esophagus 
was not opened. The thoracic cavity was irrigated with physiologic salt 
solution. Ten grams of sulfathiazole were placed in the pleural cavity, 
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which was drained with a 24 h\ catheter. Microscopic study of the 
tissue revealed an infected cyst that, was lined with glandular epithe¬ 
lium and contained smooth muscle in its wall. 

The patient made an uneventful convalescence. The highest tempera¬ 
ture was 100° K. on the fourth day. The temperaturo then dropped 
to normal and remained normal until her dismissal on the twenty-third 



Fig- 12.—Cystic tumor originating from the anterior wall of the middle third of 
the esophagus (Case -i), displacing the esophagus to tho rlcht (and posteriorly), 
causing marked compression of the right main bronchus, moderate compression or 
the left main bronchus, and widening of the corynal angle. Tumor U adherent to 
the right portion of the pericardium. Upper right Insert show* posterolateral incision 
for transpleural removal of tumor. Left lower Insert shows repair of esophagus at 
the site of the tumor. * 
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day, at which time the wound had healed entirely. She had been re¬ 
lieved entirely of the cough and had no subjective symptoms. Roent¬ 
genograms of the thorax were essentially normal at this time. When 
she returned for observation six months after operation, her general 
condition was very, good. She had not had any recurrence of dyspnea. 
She stated that occasionally dry food would stick in the upper part of 
her esophagus. Esophagoscopic examination revealed a slight herniation 
of the esophagus wall at the point of removal of the tumor and slight 
narrowing of the esophagus below this region. 

Case 5. —A man; aged 39 years, came to the clinic May 18, 1942, com¬ 
plaining of asthma, bronchitis, hay fever, nervousness, and fatigue, of 
four months' duration. He had had asthmatic bronchitis and hay fever 
for twenty years. About four months before he came to the clinic he had 
begun to feel extremely tired and had become fatigued after work; he 
had had dizzy spells, particularly when Avalking, and had had sensations 
of falling and many other nervous symptoms. 

The results of physical examination were essentially negative except 
for emphysema and rales throughout both lungs. The results of all 
laboratory tests were essentially negative except that roentgenologic 
examination of the thorax revealed some emphysema and a shadow of in¬ 
creased density behind and a little to the left of the heart (Pig. 13 A). 
It was felt that this probably was due to a diaphragmatic hernia. A 
roentgenogram of the stomach and esophagus revealed a deformity of the 
lower end of the esophagus just above the cardia (Fig. 135). The 
patient had not had any dysphagia. 

Esophagoscopic examination- showed a marked deformity of the 
lower end of the esophagus Avliich extended to a point fourteen and one- 
half inches (40.6 cm.) from the incisor teeth. The esophagus was 
angulated to the left. There was no obstruction at the cardia and the 
action of the sphincter seemed to be gone. There was some irritation 
of the mucous membrane owing to regurgitation of gastric secretion. 
The mucous membrane Avas intact. There Avas no indication of a tumor 
Avhich Avould permit biopsy. Because of the many general symptoms 
and relatively poor general condition of the patient, neither of Avhich 
was related to the esophageal tumor AA’hich had been discovered in the 
course of a preA'ious examination, operation Avas not adAused. General 
supportive treatment AA’as employed for the general symptoms. 

When the patient returned to the clinic after an absence of three 
months, his general condition was someAvhat improA’ed and he had no 
symptoms referable to the tumor, AA'hich had not changed in size. He 
aa t 3s adAnsed to continue Avith the general treatment. When he returned 
again, May 2, 1943, his general condition had improved considerably but 
he Avas greatly Avorried over the presence of the tumor. Complete exam¬ 
ination, including roentgenographic studies (Pig. 135) and esoph- 
agoscopy, disclosed no appreciable change in the size of the tumor; 



&ARRINGTON AND MOERSOH: BENIGN TUMORS OF THE ESOPHAGUS 411 


however, because of bis anxiety in regard to its presence and owing to 
the fact that liis general condition had improved, ~we felt justified in 
advising surgical treatment. At this time, the vnlue for the hemoglobin 
was 17 Gm. per 100 c.c. of blood. The erythrocyte count was 4,446,000 
and the leucocyte count was 8,600. The value for the blood urea was 
normal. Urinalysis did not revenl any abnormality. 



Fit. 13.— A, Roentceno*rum of thorax, made when the paUent In Cnee 3 nrst 
come to the Clinic, showing emphysema of lungs anti Increased density behind the 
cardiac shadow; B, a subsequent roentgenogram disclosed that this Increased density 
was due to a tumor of the lower part of the esophagus. One year later, when the 
patient returned to the clinic, the appearance of the esophagus In the roentgenogram 
was the some as It was in B. 


■ Juno 12, 1943, the tumor was exposed by a left transpleural incision. 
The lower fourth (17.8 cm.) of the esophagus nnd the cardiac ond of 
the stomach were resected. A' left posteiolntcral incision was made and 
a portion of the eightli rib was resected. The tumor involved the entire 
wall oE tho lower 5 inches (12.7 cm.) of the esophagus. It extended 
down to tho eardin of the stomach. The tumor was very lobulntcd nnd 
the structure o£ the wall of the esophagus was not normnl. It was neces¬ 
sary to maho a transdinphrngmatic incision at the lower end of the tumor 
at the cardia. The upper ond of the stomach was closed and the 
esophagus was anastomosed to the anterior wall of the stomach. Tho 
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cardiac end of the stomach was transposed into the thoracic cavity and 
an esophagogastrostomy was performed (Fig. 14). 

Microscopic examination revealed a leiomyoma which completely sur¬ 
rounded and compressed the esophagus (Fig. 15). 



Flp. 14.—Resection of lower fourth of esophagus for removal of leiomyoma In 
Case 5. The stomach was transposed Into, the thoracic cavity (lower left Insert), 
and the esophagus was anastomosed to the anterior wall of the stomach (lower 
right Insert). 

The immediate response to the operation was good except for an 
increase in the respiratory rate. The patient immediately was placed 
in an oxygen tent. His temperature gradually rose to 103° F. and there 
was an increase' in his respiratory rate as well as an increase in his 
pulse rate. His condition became gradually worse and he died on the 
fourth day, of bilateral bronchopneumonia. 

This is the only death which has occurred in removal of benign tumors 
of the esophagus and we do not believe this death was due as much to 
the operative procedure as it was to the previous pulmonary condition. 
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The patient had had asthmatic bronchiectasis lor twenty years and we 
believe it is questionable whether or-not he should have been subjected 
to surgical treatment for two reasons: first, because he had been re¬ 
fused operation on two previous occasions, and second, because of his 
poor general condition as well as the fnct that we did not believe the 
tumor was responsible for his symptoms. 



FI*. 15.—Intramural leiomyoma. Involving «ntlro vre.ll of eaopliagua but not involving 
roucoua membrane; A, grow appearance; B, section of tumor (XTO). 

Case 6.—A man, aged 62 years, came to the clinic Nov. 20, 1921. Six 
years previously, he had coughed and raised into his mouth what seemed 
to he a small growth attached to the palate; he had swallowed the growth 
again. His throat had been swollen and Bore for five days thereafter. 
He had thought that the growth was an enlarged palate. Three weekB 
before he came to the clinic, ho had eaten too much and had vomited and 
brought up a piece of tissue long enough to protrude from his mouth. 
He again had swallowed the tissue which was the size of his little finger. 
Two weeks before he came to the clinic he had experienced the same 
thing on two occasions and had felt a tickling sensation in his throat. He 
had had no difficulty in swallowing. 

An esophagoscopic examination revealed a long, narrow, pedunculated 
tumor extending down the esophagus. The tumor was situated on the 
right wall of the esophagus about one and one-half inch (3.8 cm.) below 
the introitus. No attempt was made to pull it up. 

Dec. 7, 1921, Dr. E. S. Judd operated upon the patient through a 
left cervical incision in the anterior border of the stemomastoid muscle. 
Esophagotomy was performed and the tnmor was axcised at the base of 
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Great interest is also attached to the follow-up study of the operative 
survivors (Table V). In the adenocarcinoma group,. 4 died of recur¬ 
rence of the disease on the average of one year later. One patient died 
of cancer of the breast with pulmonary metastases three years after 
esophageal resection. Ten patients were alive and apparently free of 
disease from four years to six weeks. In the group of 16 patients with 
squamous cell cancers, 8 died of recurrence after periods varying from 
two years to nine months. Curiously enough, nearly every one had 
had a Torek operation. One patient died of coronary thrombosis three 
and one-half months later. Seven patients were alive and well from 
eight years to one month. In the entire series, therefore, there are 17 
patients who are alive and apparently free of disease at the time of this 
communication. . 

This study, which has been carried on over a period of eight years, 
has clarified many aspects of the diagnosis and treatment of this disease, 
and I would like to enumerate some of the important points which 
deserve emphasis: 

1. We must forget what the old textbooks tell us that cancer of the 
esophagus is usually seen in the seventh and eighth decades. \ have 
seen a few in the third and many in the fourth. 

2. Duration of the symptoms of dysphagia cannot be used as a 
criterion of operability. I have noted an inoperable tumor with a six 
weeks’ history and an operable one with one year’s history. Operability 
is determined more by the biologic characteristics of the individual 
tumor as evidenced by grade of malignancy, invasiveness, and rapidity 
of spread to regional and distant lymph nodes. 

3. Boring pain in the back has serious connotations and usually indi¬ 
cates tumor fixation' posteriorly. This may or may not be accompanied 
by local shock tenderness. 

4. The extent of weight loss is a variable factor. Those tumors which 
impinge early on the esophageal lumen cause rapid weight loss, a con¬ 
siderable part of which may lie due to dehydration. Some patients noth 
extreme weight loss have regained a pound a day during the preoperative 
period by parenteral hydration and were found to have removable 
growths. Others with minimal or no weight loss have presented inopera¬ 
ble tumors by reason of the fact that growth was "in a peripheral 
direction. 

5. The finding of a smooth conical obstruction at the lower end of the 
esophagus in the x-ray picture does not necessarily indicate a benign 
cardiospasm. Esophagoscopy must be carried out. Negative esophago- 
scopic findings do not. exclude completely the presence of a cardial 
carcinoma. Repeated endoscopic examinations are indicated if the 
symptoms persist. 

6. No patient should he subjected to operation unless the biopsy 
specimen obtained by esophagoscopy shows carcinoma. 
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7. The finding of squamous cell tumor in the biopsy specimen indicates 
origin in the esophagus. When adenocarcinoma or mucous cell car¬ 
cinoma is reported, tho evidence .is clear thnt the tumor originated at 
the cardiac end of the stomach. I have never encountered an instance 
of carcinomatous degeneration of misplaced gastric mucosa in the 
esophagus. Every case of adenocarcinoma of the esophagus, no matter 
how far up the organ, has been found to have its origin at tho cardia. 
It is important to determine tho liistologic characteristics of the tumor 
because the surgical approach is different in each instance. 

8. Every patient who is a candidate for radical surgery of the eso¬ 
phagus'must havo a careful appraisal of his physical and physiologic 
•status. This should include a thorough physical examination, electro¬ 
cardiography, vital'capaeity determination, renal function studies, and 
careful attention to the condition of tho teeth and gums. 

9. The importance of a careful rectal examination in cases of ndeno- 
carcinoma of the cardia cannot be overemphasized. The finding of a 
rectal shelf indicates inoperability. The presence of enlarged firm 
lymph nodes in the neck, especially in the supraclavicular region, de¬ 
mands ''biopsy to excludo peripheral raotastascs. Hoarseness with can¬ 
cers of the middle third calls for laryngeal examination. Paralysis of 
tho left recurrent nerve indicates invasion by tumor and probable in¬ 
operability. 

10. In tho preoperntivo preparatory period, the value of intravenous 
hydration by saline and glucose, plasma, whole blood, and amino acids 
has been amply demonstrated. 

11. The necessity of a preliminary gastrostomy has been completely 
obviated because the presence of a gastrostomy interferes with mobiliza¬ 
tion of tho stomach in the performance of an intrntlioracic anastomosis. 
Should adjuvant alimcutnry feeding 1« indicated, jejunostomy is more 
logical and preferable. 

12. The need of an expert anesthetist.for this operation requires no 
emphasis. We.havo used a combination of avortin and controlled posi¬ 
tive pressure ethyleno and ether inhalation anesthesia, and,have not 
been impressed with any suporior virtues of intratracheal anesthesia. 

13. There are many details of the operative management which merit 
omphasis. Complete hemostasis, avoidance of operative traumn, and 
unhurried manipulative procedures make for a smoother convalescence, 
decreased morbidity, and greater chance of recovery. In mobilizing 
tho esophagus, great care should be exerted to avoid injury' to tho ex¬ 
ternal musculature of the organ. Any accidental tear should lie enre- 
fnlly repaired with fino silk. Otherwise n spontaneous perforation may 
occur postoporatively. The growth may l>o found locally inojierable 
by reason of fixation to tho aorta, vertebral column, or hilus of either 
lung. Invasion of the right mediastinal pleura does not necessarily 
indicato inoperability because it may be possible to excise part, of this, 
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pleura and bring the patient safely through the operative ordeal. 
There is no question but that the accidental opening of the right pleural 
cavity confronts the patient with a serious physiologic disturbance and 
greatly increases the risk of the operation. However, if tumor tissue 
must be excised, the surgeon has no other choice but to perform as 
radical an operation as is possible. The opening in the right pleura 
may be effectively closed by using the transplanted stomach, but the 
surgeon must not fail to aspirate the right side of the chest at the 
completion of the procedure in order to remove trapped air and thus 
prevent a tension pneumothorax. In mobilizing the stomach for trans¬ 
plantation, great care should be exerted to maintain an adequate blood 
supply. This is particularly applicable when an anastomosis above the 
aortic arch is contemplated. The same applies to the stump of the 
ablated esophagus, an organ which has a precarious blood supply at 
best. I want to stress particularly the need for a careful and accurate 
suture anastomosis between esophagus and stomach. This requires 
interrupted silk sutures, accurately placed and tied without tension, 
careful approximation of mucosa to mucosa and telescoping of stomach 
over the suture line to obviate tension and drag. We have not en¬ 
countered one instance of leakage from the line of anastomosis and 
attribute this solely to the importance that we have attached to this 
part of the operation. 

Another important point is the need for a careful repair of the 
diaphragm and fixation of its cut edge to the wall of the transplanted 
stomach to prevent herniation of bowel into the chest. The diaphragm 
should be put. at rest by pinching the phrenic nerve. The local use of 
sulfonamides to minimize mediastinal and pleural irifeetion has con¬ 
siderable merit. We have had no cause to regret the routine employ¬ 
ment of underwater drainage of the pleural cavity in the postoperative 
period. 

14. All patients are placed in an,oxygen tent at the completion of 
the operation. 

15. No swallowing is permitted for four or five days. If a careful 
anastomosis has been made, it is unnecessary to extend this for a longer 
period. 

16. The surgeon must always be on the lookout for postoperative 
chest complications, such as encapsulated accumulations of air and 
fluid, infection of the pleural cavity, bronchial obstructions, etc. This 
requires daily chest examinations, bedside roentgenograms and clinical 
appraisal. There should be no hesitancy in employing bronchoscopy to 
relieve the patient of tenacious secretions. This is often a lifesaving 
procedure. The bedside x-ray picture may be misleading and the 
surgeon should, therefore, rely more on the clinical examination. Per¬ 
sistant dyspnea and excessive bronchial secretion usually indicate an 
accumulation of air or fluid or both and the surgeon should not delay 
aspiration. 
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17, Infections should be dealt with as soon as possible, because these 
debilitated patients cannot withstand infection for long. 

It must be emphasized that the care of n patient with cancer of the 
esophagus is a cooperative problem requiring the concerted efforts of 
roentgenologist, esophagoscopist, anesthetist, operating room staff, bed¬ 
side nurses, physician, and surgeon. Even under the most ideal condi¬ 
tions, the operative mortality is relatively high if the surgeon docs not 
practice careful selection of his operative material. But the situation 
today is far different than it was fifteen years ago. Marked progress 
has been made and with increasing experience, I look forward con¬ 
fidently to. a generally lower mortality and a higher percentage of cures. 

DI8CUSSION ON “THE MANAGEMENT OF STRICTURE OF THE ES0PHA0U8” BY 
DR. RALPH ADAMS AND DR. WALTER B. HOOVER ;* “SURGICAL TREATMENT 
AND CLINICAL MANIFESTATIONS OF BENIGN TUMORS OF THE ESOPHAGUS 
WITH REPORT OP SEVEN CASES’* BY DR. STUART Vi. HARBINOTON AND 
DR. HERMAN J. MOERSCH ;f AND “CAUSES OF MORTALITY FOLLOWING 
RADICAL RESECTION OF THE ESOPHAGUS FOR CARCINOMA” BY DR. JOHN H. 
OARLOCK. 

DR. RICHARD H. HWEET, Boston, Mas#.—It is not proper for me to take 
much of yonr time to discuss these three Interesting reports. That by Dr. Harring¬ 
ton and Dt. Moersch Is so far out of my experience that I shall say nothing nbont it. 

I would like to comment, however, on the interesting and valuable reports by Dr. 
Adams and Dr. Hoover, and Dr. Oarlock. First of all I woald like to suggest for 
your consideration that It might not be quite proper for the former to exclude »o 
briskly the possibilities of surgical excision in gome of these benign strictures. 

I will show two slides, and I would like to report a case which is different in that 
it is an advanced, long-standing stricture In n young lad 17 years of ago. The 
injury was received at the age of 2% years. Ho spent his whole life from that time 
until the age of 17 entirely on a liquid diet. However, he had lost a tremendous 
amount of weight and was haring difficulty in school, and so, haring been encouraged 
by our relatively low mortality figures in the carcinoma group, I decided to do a 
radical resection of the lower portion of his esophagus. 

(Slide 1.) Ton will see that tbo new stricture begins mther high, and at opera¬ 
tion I found that there was a tongue of ulcerated esophagus which extended upward, 
making it necessary to divide the esophagus opposite the left main bronehus. 

(Slide 2.) The next slide merely shows the x-ray result The anastomosis you 
see, is rather high hero. Actually it was opposite the bronchus. That boy has done 
exceedingly well. Now, six or seven month* following operation, ho is eating a 
normal diet with his family. This is merely a suggestion of another way in which 
these cases can be handled. 

I was intensely Interested in Dr. Oarlock’s report. He has certainly covered 
the field most admirably in every possible respect. Inasmuch as the title of the 
article suggests that we ought to keep to the discussion of tho causes of death after 
operation in these cases, I will confine my remarks to tlmt subject and will quote our 
experience at the Massachusetts General Hospital. Using the Torek procedure there 
were fourteen cases with two deaths, which makes the mortality 14 per cent. One 
patient died of sepsis and the other of cerebral hemorrhage. 


•See page 183 for article by Adams and Hoover. 
tSee pace 39i for article by Harrington and Moerach. 
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hepatic and glandular metastases, and an enterostomy for feeding purposes if so 
desired. At the second stage, done in one to two weeks, the carcinoma is resected and 
an esophagogastric anastomosis is performed between the proximal esophagus and 
the readily available gastric tube. 

The one advantage in this procedure is that it allows surgical removal of car¬ 
cinomas at a higher level in the esophagus with restoration of the esophagogastric 
continuity than could be obtained by the one-stage transpleural operation. Even 
though in rare instances the stomach has been brought as high as the arch of the 
aorta to allow anastomosis, the majority of patients with long-continued esophageal 
obstruction from carcinoma have a small stomach which prevents such a procedure. 

A free jejunal tube can be employed in a similar manner if the stomach is found 
to be too small to fashion a gastric tube of adequate length. At the first stage a 
gastroenterostomy is performed between the stomach and a free jejunal tube. The 
free end of the jejunal tube is closed and placed within the chest during the first 
stage. The remainder of the operation is similar to this. Experimentally, it was 
found that more care must be exercised with jejunal tubes in order not to impair 
their blood supply than with gastric tubes. 

If it is felt inadvisable to attempt intrathoraeic anastomosis and an antethoracic 
subcutaneous Beck-Jianu gastrostomy tube is contemplated, considerably more dis¬ 
tance can be obtained by resecting the lower costal cartilages and eliminating the 
necessity for the gastric tube to descend down and then over the costal arch. Further 
length can also be obtained by mobilizing the stomach at the esophngodiaphragmatic 
junction and bringing the stomach forward. If these suggestions are employed 
the gastric tube can easily reach the level of the neck. These procedures are largely 
based upon experimental observations and more work is necessary' to determine 
whether or not they may become applicable. 

DR. LEO ELOESSER, San Francisco, Calif.—I hesitate to prolong this long but 
profitable discussion. I should like merely to allude to one case of stricture of the 
esophagus that I treated a number of years ago through an open thoracotomy. The 
man was an ex-convict who had swallowed lye with suicidal intent, and he was 
sent to us by the otolaryngologists. He had been very effectually sounded, but no 
food got into his stomach. However, when I opened his abdomen I found that the 
sound had gone down retroperitoneally as far as the sacrum. 

The sounding had been done for some months previous without very deleterious 
effects. In opening his chest, of course, I found a fistula. Proceeding from there 
I was able to get a large bougie up into his mouth. Also the hypertrophy of the 
lower segment was such as illustrated in Dr. Gurd’s films of the gizzard. It was 
not too difficult to introduce a large bougie forcibly- into liis stomach from the 
upper esophageal segment. 

It was easier, with the presence of this form of fistula, to re-establish continuity- 
between Ms mouth and Ms stomach and gradually to dilate it. This man subse¬ 
quently died because he pulled out the tube and we did not have him re-undergo 
the whole procedure. 

DR. JOHN W. STRIEDER, Boston, Mass.—Relative to the causes of death in 
esophageal resection for carcinoma with primary esophagogastric anastomosis in 
the chest, I would like to mention briefly one experience which I had in a series of 
ten cases which I had an opportunity to follow completely. It also emphasizes the 
point wliich Colonel Bird made relative to the advisability of doing both esopli- 
agoscopy- and bronchoscopy preoperatively. I believe tliis is an extremely important 
dual maneuver. 

TMs patient, a woman aged 52 years, had a carcinoma of the esophagus discovered 
in a very early stage, 31 cm. from the superior alveolar ridge. The tumor itself 
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was so small that in mobilizing the esophagus, altliongh there was a positive pre- 
opcmtlve Biopsy, it was very difficult to palpate the tumor in the esophagus. 

The tumor fra* resected and anastomosis wns made after the suggestion of Dr. 
Garlock, by palling the proximal esophagus anterior to the arch of the aorta. It 
vras obvious from the second postoperative day that she was not aerating the left 
lung. On bronchoscopy, to onr dismay, we found the left stem bronchus was com¬ 
pletely occluded by ertrnbronclilal compression. 

This obstruction was known not'to be dae to tumor because of our preoperativo 
bronchoscopy, and tho observation was confirmed on subsequent bronchoscopy two 
days later. Because sho had difficulty raising secretions and because even moder¬ 
ately copious secretions were of considerable embarrassment, in view of the fact 
that she was not using her left lung, wo performed a tracheotomy in order to aspirate 
these secretions frequently and easily. 

Sho died on the ninth day, and at autopsy wo found there had been a leak in 
tho anastomosis with a small localized abscess, perhaps tho size of a half dollar 
and twice its thickness, in relation to tho anastomosis, at tho level of the arch of 
the aorta and also In relation to tho left main stem bronchus. There was no general 
empyemn. The left main^ stem bronchus was not incorporated in the wall of the 
abscess, rather tho' compression apparently resulted from the contiguous edema and 
pressure of tho abscess. 

I hesitate to mention onr total experience at the Boston City Hospital. We have 
had an opportunity to explore twenty carcinomas of the esophagus, ten of which 
were operable. We have had two operative survivals and one living patient, over 
a period of two years. By way of partial extenuation I may say that we have dealt 
largely with tho derelicts that one sees in a large municipal institution, and we have 
taken on all comers even though the chances of recovery soemed small. 

DR. RALPH ADAMS, Boston, Mass.-—I wish to show three additional cases of 
benign tumors of the esophagus. Illustrations appear in the article published in 
this issue of the Journal.* 

(Slido 1.) This was a woman 41 years of age, with rasping breathing, increasing 
for two months with no difficulty in shallowing. The mass moved upward and 
downward with tho act of swnllowing. On a statistical basis, substernal goiter 
would be by far the most Ukoly diagnosis. The only other likely one would be an 
esophageal wall tumor. 

The nature of this moss was not nppnrent until the recurrent nerve was demon¬ 
strated to run anterior to the tumor. In the course of some 23,000 thyroid opera¬ 
tions it had never been observed at the Lnhey Clinic that the nerve ran anterior to 
a thyroid tumor. Further dissection was made posteriorly. Some longitudinal 
esophageal fibers were found and a fibroma of the esophagus was removed. 

(Slide 2.) This patient had difficulty in swallowing, of seven years' duration, 
but increasing only in the six months before admission, I would like to call at¬ 
tention to the characteristics of a benign intestinal lumen tumor as first brought 
oat so clearly in onr part of the country by Dr. Richnrd SchatxkL The barium fits 
over the top of the tumor somewliat as a cap. Barium flows freely around it and 
with fluoroscopy we saw the only place it did not flow was where the tumor was 
attached. 

Directly opposite the tumor itself the esophageal wall looks normal, and one need 
only compare this slide with the following one with the narrow, tortuous channel 
created by carcinoma to see how markedly they differ in appearance. The tumor 
was too low to be removed through the neck and too large to be removed endo- 
scopically- It» peculiar location in the organ in which it arose and it’s benign 
nature presented some specific problems in removal, and yet one must remove such 
a tumor with maintenance of esophageal continuity or accept all the hazards. 


•Bee page 881. 
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cavity at the base from which the bronchiectatie lobe has been removed 
and this may not be completely obliterated for several days or weeks. 
This complete expansion of the remaining lobe should always be im¬ 
mediately possible providing the airway is cleared by the cooperation 
of an expert anesthetist. In spite of this our figures show that the 
incidence of collapse in our cases has been the same ns in the 154 cases 
of Tudor Edwards and Price Thomas in which Gowar found collapse 
to have occurred fifty-one times. 



Fig. 1.—Roentgenogram showing cystic bronchiectasis which developed in the upper 
lobe following left lower lobectomy. ». . 

This secondary collapse has been attributed to several factors. Re¬ 
flex bronchial spasm has been blamed, although the experiments of 
Band and Hall 3 failed to support this. Belsey 4 considered that'swell¬ 
ing of the mucosa as a result of a recent bronchogram was a factor, 
while Tudor Edwards has expressed to us his view that inflammatory 
swelling around the stump is the cause of at least the more delayed 
cases. Many people have been struck by the better postoperative prog¬ 
ress of patients whose pleural cavities were obliterated by adhesions. 
This has been explained by the retention of a certain amount of air 
in the remaining lobe so that it will be easier to cough the material out 
of the bronchi. This view led Bethune 15 to introduce his method of 
pleural poudrage. This method has been employed by us but as will 
be seen from our figures no reduction in the incidence of collapse was 
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facts about the etiology of'the condition. First it is noted that not a 
. single patient was seen in which the collapse was attributed to hilar 
swelling. Second, the collapse always appeared to be due to obstruc¬ 
tion with sputum • third, when this sputum was removed re-expansion 
could be immediately obtained; and fourth, it was noted in all cases of 
lower lobe lobectomy that the upper lobe bronchus instead of coming 
off obliquely was looking almost directly upward. This means that it 
is nearly parallel with the stump of the lower lobe. 

These findings have led us to believe that the course of events is as 
follows: The initial expansion of the upper lobe carries its bronchus 
downward in an effort to fill the cavity produced by the removal of the 
lower lobe. This brings the upper lobe bronchus almost parallel to the 
stump. During the first postoperative days pus collects in the stump 
from which it is difficult to be coughed up as there is no air behind 
to drive it out. If the stump fills it may easily spill over and block 
the upper lobe. It may still be coughed up, but, if the patient is not 
prepared to put up with the necessary pain, collapse will result. The 
symptoms will depend on the extent to which the smaller bronchi and 
bronchioles are filled and how grossly the obstructing material is in¬ 
fected. The deeper the pus gets into the lung the more permanent the 
condition will be. Among the various aspects of the case which this 
theory explains is the fact that collapse is more common on the left 

Table I 

Incidence of Postlobectomy Collatse (12 in 33 Cases or 36 Per Cent)* 


PER CENT 

Onset: 

From operation 




1 

. 8 


2nd to 5th day 




9 

;75 - 


6th to 8th 




1 

8 


After 8th day 




0 



One case, exact time uncertain, 




during first 3 days 



1 

8 

Side of operation: 

Eight 

2 

in 

7 


28 


Left 

10 

in 

26 


40 

Lobes removed: 

L.L.L. 

2 

in 

13 


15 


L.L.L. & lingula 

8 

in 

13 


62 


R.M.L. 

0 

in 

2 


— 


E.U.L. 

0 

in 

1 


— 


B.M.L. + E.L.L. 

2 

in 

4 


50 

Age: 

Under 16 

5 

in 

8 


70 


16 to 30 

7 

in 

18 


38 


Over 30 

0 

in 

7 


— 

Amount of sputum: 

Under 5 oz. 

9 

in 

22 


41 


Over 5 oz. 

3 

in 

11 


27 

Drained: 

Present. 

7 

in 

19 


35 


Undrained 

5 

in 

14 


36 

Adhesions: 

Present 

10 

in 

27 


36 


Absent 

2 

in 

6 


33 

Sex: 

ilales 

5 

in 

19 


20 


Females 

7 

in 

14 


50 


•This small series was used as all the patients have received similar preoperative 
and postoperative care. Twenty-seven lobectomies were performed In the last 12 
months. 
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than on the right side (17.6 to 42.5 per cent in Gowar’s Brompton Hos¬ 
pital series). The left upper lobe bronchus normally comes off more 
obliquely thnu its opposite number,on the right and thuB after a left 
lower lobectomy the left upper lobe bronchus more easily conies into a 
parallel position to the stump than does the right upper lobe bronchus. 
This fact can easily be confirmed on bronchoscopy of these patients. 

In practice it was fpund that only one bronchoscopy was required in 
.adults, although recollapse may occur in children necessitating further 
instrumentation. It was found that even on the first or second post¬ 
operative day these patients stood bronchoscopy without being upset, 
in fact, many felt immediately better.- The procedure was alwnys done 
in the theater under local anesthetic. By laying the patient on the 
good side the bronchoscope can be introduced through the side of the 
mouth into the affected lung with remarkable ease. In fact, it is our 
experience that it is easier to use the bronchoscope on these patients 
than on the usual run of patients. ThiB is thought to he due to the 
greater ense with which they can relax. 

Table II 


Tkeatjient and Results 


CASE 

ONSET 

BRONCHOS- 

IMMEDIATE 

AGE 

FINAL 

(DAT) 

COPY 

RESULT 

(TO.) 

RESULT 

1 

6th 


Expanded 

Collapsed until 

10th day 

21 

Good 

2 

0th 

+ 

7 

Good 

3 

3rd 

+ x 2 

Expanded . 
Collapsed until 

14 

Good 

4 

T 







0 th week 

0 

Good 

5 

iHt 

+ x 3 

Expand ed 

14 

Good 

0 

2nd 

+ 

Expanded 

21 

Good 

7 

4th 

+ 

Expanded 

23 

Good 

8 

3rd 

+ 

Expanded 

31 

Good 

9 

8th 

+ 

Expanded 

Collapsed until 

20 

Good 

10 

6th 

_ 






9 th week 

18 

Died, OA. 

11 

3rd 

- 

Collapsed until 






5th week 

9 

Good 

12 

4tlx 

_ 

Collapsed until 






12th day 

21 

Good 


An interesting point arose in an early case in which drainage was 
not earned out. The patient developed collapse that wns thought to . 
be due to the presence of fluid in the pleural cavity. Aspiration of 
13 ounces resulted in oidy the slightest improvement in the radio- 
graphic appearance and it was realized that this had been a dangerous 
move since the increase in intrapleural pressure with the bronchus 
plugged with pus would only tend to draw that pus further into the 
smaller bronchi. Bronchoscopy wns therefore immediately bsed after 
which, with the bronchi clear, a further aspiration resulted in complete 
re-expansion. The same situation has since occurred in another case 
but here bronchoscopy was immediately undertaken. 
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Fig:. 3.-—Radiogram of patient in whom drainage was not carried out The left upper 
lobe is collapsed with some fluid and air in the pleural space. 




ysS 1 


F A'—Radiogram of same patient and made same day as Fig. 3. Bronchoscopy 
was performed followed immediately by aspiration of the chest and complete re¬ 
expansion of the left upper lobe was obtained. 
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These findings with regard to the part played by the maternal col¬ 
lecting in the hilar stump have led naturally to methods being adopted 
to prevent collapse by keeping this stump dry. It appeared that this 
should be possible if early postural drainage, was employed by laying 
the patient over on his good side. It is too early to speak dogmatically 
about this method but one word of warning may be of assistance. It 
has been found that such posturing if employed between the seventh 
and twenty-first days is likely to precipitate a bronchial fistula; how¬ 
ever, it would appear that posturing between the second and fifth dayB 
is without danger and gives hopeful signs of being useful. It is to be 
noted that-in our series 75 per cent, of the eases of lobar collapse oc¬ 
curred in, this period between the second and the fifth day. This 
postural treatment is made much easier in view of the fact that drain¬ 
age is usually not carried out iu our eases. 

SUMMARY 

1. From several aspects postlobectom.v lobar collapse is a serious com¬ 
plication. 

2. It is due to tho obstruction of the bronchi with pus in association 
until certain mechanical alterations in the shape of the bronchial tree 
after lobectomy. 

3. The lunger this pns is left plugging the bronchi, the deoper it will 
pass into the lung Imd the more permanent will be the condition. 

4. Onco collapse occurs it should be treated immediately by broncho- 
scopic aspiration, the results of which arc highly satisfactory. 

5. Postuinl measures give riso to some hope, of l-educiug the incidence 
of the condition. 

AVe wish to thank Mr. W. J. Pardoo of the Anatomy Department of the Birming¬ 
ham University for his excellent photographic work which was nindo possible by the 
courtesy of Dr. C. F., V. Smout. acting professor. 
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FLAP VALVE CONSTRUCTED FROM A MEDICINE DROPPER 


Eske Windsberg, M.D. 

Providence, R. I. 

A ONE-WAY flap valve can be constructed easily from the rubber 
bulb of the ordinary medicine dropper. The closed end of the bulb 
is cut with scissors to form a fish mouth. This makes a vent through 
which air under pressure will travel one way only. A bulb S 3 r ringe 
attached to the normalty open end of the medicine dropper bulb can be 
made to demonstrate this fact (Fig. 1, A and B). 

When the rubber bulb at hand is rather thick or hard, a large fish 
mouth is required. Conversely, when the rubber is thin and soft, a 
smaller fish mcfuth mil work better. An elastic band may be placed 
around the bulb at the base of the fish mouth to regulate the force re¬ 
quired to open the vent, and to insure its closure. 

The application of this bulb valve is as simple as its construction. 
Through the medium of the glass part of the dropper it is attached to 
the end of the intrapleural catheter. (The bottleneck end of the glass 
part should be cut away.) 

At the termination of an operation the flap valve is attached to the 
chest catheter and at once incorporated into the wound dressings. Ex¬ 
cept in unusual circumstances such as hemorrhage, it needs no further 
care or even inspection for at least twenty-four hours. The patient is 
protected against excessive intrathoracic pressure, and expansion of the 
remaining lobes is automatically promoted. Should 'a leak occur in a 
bronchial stump, the vent mil function automatically to protect the 
patient. Liquid drainage, free from clots and fibrin, mil also come 
through. 

The intrathoracic status cau be tested by unhooking the flap valve 
and attaching a bulb syringe. Usually this is not required until the day 
after operation. The advisability of continuing the use of the valve in 
the dressing, of using an extension tubing and placing the valve at the 
end into a bottle, or of discontinuing the use of the valve can then be 
determined. If excess negative pressure is feared, a mercury safety 
vent can be incorporated into the system. 

I have found this simple device handy and useful on many occasions 
following lobectomy and pneumonectomy. It is being used routinely, 
incorporated in the original dressing in the operating room. This 
enables safe handling and transfer of the patient to his bed. It pre- 
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vents nny sudden ineroaso in intrapieurnl pressure during this critical 
interval and removes chance extraction of the newly placed chest 
catheter. For patients in whom drainage is a primary necessity, espe¬ 
cially in the presence of fibrin, it is usually not to he employed, since 
it will not work. ITowever, during the first day or two following the 
drainage of a massive empyema, the device on occasion has proved 
desirable in conjunction with underwater drainage. Its use here mini¬ 
mizes the mediastinal shift due to respiration. 



Fig. 1.— A, Prenure being applied forcing air out through fl*h mouth of rubber 
bulb. B, Rubber of bulb ryrlnge remain* collapsed with fleh mouth cloaed preventing 
any air from returning to ayatom after thumb proaaure ha* been removed. 

The described device is superior to the finger-cot or to the finger 
part of a rubber glove into which a fish moutli is cut. Not every 
finger-cot preparation will work, and one which is found to work nt 
the ontset cannot always be depended upon to work continuously. The 
finger-cot preparation works well only when hanging freely in an open 
bottle, out of water. The bulb fish month functions equally as well 
under wnter as it does above water. Simple underwater drainage may 
allow vide shifting of the mediastinum during respiration or coughing. 

The outstanding feature of the bulb fish month preparation is that 
it also works well when incorporated into the chest wall dressings. This 
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5'Point TRUETA Technic 

1. Prompt surgical treatment. 

2. Cleansing of the wound. 

3. Excision of the wound. 

4. Provision of drainage. 

5. Immobilization ita a plaster-of-Paris 
cast. 


Listed above are the five essential principles in the biological treatment of 
wounds as formulated by Trueta, each and every one of which must be applied ** 
to ensure the greatest possible success. 
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Trueta sets forth in complete detail these procedures which^Thas adopted 
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with such important subjects as shock, transfusion, aerobic and anaerobic 
infections, including gas gangrene and tetanus, chemotherapy, antiseptics, 
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Graphic illustrations such as those reproduced here supplement the 
matter, supplying step-by-step visual ) guidance. You won't want to m ss 
having this authoritative text. Send/for it today I 
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